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Research workers from the  Bureau of  Mines and i n d u s t r y  met wi th  o the r  
government and indus t ry  r e p r e s e n t a t i v e s  a t  t he  Mont Chateau Lodge, Morgantown, 
W. Va., on May 30-31, 1973, t o  d i scuss  t he  c u r r e n t  s t a t u s  of methane c o n t r o l  
i n  e a s t e r n  U.S. c o a l  mines. The opening remarks, t he  e i g h t  t echn ica l  presenta-  
t i o n s ,  and the  d i scuss ions  of t h e  members of a government-industry panel  a r e  
publ ished here  f o r  t he  b e n e f i t  of those concerned with t h e  con t ro l  of methane 
i n  c o a l  mines. I n  a d d i t i o n ,  a n  in t roduc t ion  has been added t o  p re sen t  t he  
background of work i n  t h i s  f i e l d .  
INTRODUCTION 
The Bureau of Mines has been concerned with t h e  c o n t r o l  of methane i n  
U. S. c o a l  mines s ince  i t  was e s t ab l i shed  i n  1910. The i n i t i a l  study1 of t h i s  
problem was a c t u a l l y  begun i n  1907 under t he  immediate superv is ion  of 
D r .  J .  A .  Holmes, who subsequently became the  f i r s t  d i r e c t o r  of t he  Bureau of 
Mines. This s tudy summarized the  work of o the r s  i n  Europe and America a s  we l l  
a s  t h a t  of Darton i n  the  labora tory  and t h e  f lexed beds i n  t he  a n t h r a c i t e  
f i e l d s  of Pennsylvania and i n  t h e  nearby h o r i z o n t a l  beds i n  I l l i n o i s .  B r i e f l y ,  
Darton noted ". . . some of t he  causes of the  v a r i a t i o n s  i n  t he  c h a r a c t e r ,  
amount, and p re s su re  of such (explosive)  gases  a r e  s t i l l  unknown." Neverthe- 
l e s s ,  he concluded t h a t  the gas i n  c o a l  i s  poss ib ly  ". . . locked i n  some 
loose  chemical combination, d i sso lved  a s  s a l t  d i s so lves  i n  water ,  o r  condensed 
a s  i n  porous cha rcoa l ,  bu t  undoubtedly i t  f i l l s  t he  pores  and c rev ices  i n  
which i t  i s  condensed . . . ; f u r t h e r ,  "The pressure  of water i n  t he  s t r a t a  
over ly ing  c o a l  beds i s  probably a f a c t o r  of some importance i n  gas  p re s su re  . . . "  He found t h a t  an average of about 1,500 cubic f e e t  of methane were 
r e l ea sed  per ton of a n t h r a c i t e  mined i n  t h e  Wilkes-Barre,  Pa. ,  a r e a ,  bu t  t h a t  
q u a n t i t i e s  i n  excess of twice t h i s  f i g u r e  were encountered. By c o n t r a s t ,  he 
found t h a t  the  deep mines i n  I l l i n o i s  y ie lded  50 t o  260 cubic f e e t  per ton.  
A f t e r  reviewing the  European d a t a ,  he concluded t h a t ,  "The ex tens ion  of bore- 
ho le s  h o r i z o n t a l l y  i n  the  coa l  bed o r  from the su r f ace  above i s  a promising 
expedient ,  bu t  i n  most cases  i t  does not  draw much gas from s o l i d  c o a l  because 
- - -- - - - - - - - -- - - - -- - - - - - - - - - - - - - - - - - - - - - - -- 
IDar ton ,  N. H. Occurrence of Explosive Gases i n  Coal Mines. BuMines Bull .  7 2 ,  
1915, 248 pp. 
the  su r face  exposed i s  too small and gas t r a v e l s  through the  c o a l  too slowly 
t o  a f f e c t  a wide a r e a . "  From h i s  study of Pennsylvania mines he noted,  "The 
mine opera tors  have t o  use g r e a t  precaut ion  t o  in su re  complete v e n t i l a t i o n  i n  . 11 11 a l l  working chambers of t he  mines . . ., . . . i n  the  nor thern  bas in  . . . 
t h e  volume of a i r  f o r  v e n t i l a t i o n  i s  equal t o  about 341,000 cubic f e e t  f o r  
every ton of coa l  mined." This i s  i n  excess of 12 tons of a i r  per ton of c o a l ,  
which i s  a l a r g e  quan t i ty  of a i r  even by today's  s tandards ,  a l though some 
gassy mines now use  twice t h i s  amount. 
Others  considered t h i s  problem i n  subsequent yea r s ,  but  l i t t l e  expe r i -  
mental work was conducted he re  u n t i l  a f t e r  World War 11. Approximately 20 
years  ago, spindle? published the  f i r s t  of a s e r i e s  of  papers on methane con- 
t r o l ,  and Venter and stassen3 prepared t h e i r  r e p o r t  a t  t he  r eques t  of the  
Bureau of Mines on the  drainage and u t i l i z a t i o n  of firedamp i n  Europe. ~ e u l ~  
subsequently presented a survey paper i n  1964 and proposed a sys temat ic  pro- 
gram t h a t  was undertaken by the  Bureau and a number of cooperat ing coa l  com- 
panies .  The r e s u l t s  of the  i n i t i a l  phase of t h i s  program were presented a t  a 
s p e c i a l  meeting i n  P i t t sbu rgh ,  Pa.,  on May 8 ,  1969. The present  seminar 
should g ive  an  up-to-date  account of t he  work being done i n  e a s t e r n  U.S. coa l  
mines and r e i t e r a t e  t h a t  many procedures a r e  a v a i l a b l e  f o r  use  i n  c o n t r o l l i n g  
methane before  and a f t e r  mining begins.  The seminar i t s e l f  i s  one i n  a s e r i e s  
devoted t o  va r ious  a spec t s  of mine s a f e t y  and was sponsored by the  Bureau of 
Mines Mining Technology Transfer  group; arrangements f o r  t he  seminar were made 
by Messrs. William Schmidt, Thomas J .  Crocker, Donald E .  Ralston,  Milford L. 
Skow, and Michael G.  Zabetakis.  
ACKNOWLEDGMENTS 
The Off ice  of the  Ass i s t an t  Director--Mining and t h e  Technology Transfer  
Group wish t o  express  t h e i r  apprec ia t ion  t o  t h e  speakers and t h e  many people 
who helped with the  seminar, e s p e c i a l l y  t o  D r .  M. G.  Zabetakis ,  then of t he  
P i t t sbu rgh  Mining and Safe ty  Research Center ,  now with the  Mining Enforcement 
and Safe ty  Administrat ion,  f o r  arranging t h e  program and proceedings and t o  
Thomas J. Crocker, Spokane Mining Research Center ,  f o r  making t h e  necessary 
arrangements f o r  the  seminar. 
ZSpindler ,  G. R. Degas i f ica t ion  of Coal Beds. Coal Mine Modernization, 1953, 
pp. 206-220. 
3 Venter,  J . ,  and P. Stassen.  Drainage and U t i l i z a t i o n  of Firedamp. BuMines 
I C  7670, 1953, 22 pp. 
4 ~ e u l ,  M. Methane Drainage From Coalbeds: A Program of Applied Research. 
Proc. 60th Meeting, Rocky Mountain Coal Min. I n s t . ,  June 30-July 1, 1964, 
V a i l ,  Colo., 1964, pp. 54-60. 
WELCOME 
by 
R. W. Van Dolah 1 
I would l i k e  t o  welcome each of you t o  our f i r s t  methane c o n t r o l  seminar 
i n  t h e  Technology Transfer  Se r i e s .  I n  t he  p a s t ,  I have taken t h i s  oppor tuni ty  
t o  review t h e  func t ions  of t h e  P i t t sbu rgh  Mining and Sa fe ty  Research Center .  
But because we have a  r a t h e r  f u l l  schedule today I w i l l  i n s t ead  extend an  
i n v i t a t i o n  t o  each of you t o  v i s i t  u s  i n  P i t t sbu rgh  and Bruceton, Pa.,  where 
we can show you f i r s t h a n d  what we a r e  doing no t  only i n  t h e  a r ea  of methane 
c o n t r o l  and v e n t i l a t i o n ,  bu t  a l s o  i n  o t h e r  a r e a s  of  i n t e r e s t  t o  the  mining 
community. 
We t r u s t  you w i l l  f i n d  today ' s  program of i n t e r e s t  and i n v i t e  you t o  j o i n  
us  on the  f i e l d  t r i p  scheduled a s  p a r t  of tomorrow's a c t i v i t i e s .  You w i l l  be 
given more information on t h e s e  t r i p s  l a t e r  today. Without f u r t h e r  ado,  l e t  
me in t roduce  our f i r s t  speaker ,  who r e a l l y  needs no in t roduc t ion ,  D r .  Yancik, 
Acting A s s i s t a n t  Director--Mining. D r .  Yancik w i l l  d i s cuss  t he  Bureau's pro- 
gram on methane c o n t r o l .  
IResearch Di rec to r ,  P i t t sbu rgh  Mining and Safe ty  Research Center ,  Bureau of 
Mines, Department of  t h e  I n t e r i o r ,  P i t t sbu rgh ,  Pa. 
OPENING REMARKS 
by 
J. J. Y a n c i k l  
I would l i k e  t o  welcome you here  t h i s  morning t o  what we expec t  w i l l  be 
an  i n t e r e s t i n g  and ve ry  in format ive  Technology Transfe r  Seminar on Methane 
Cont ro l  i n  Eas t e rn  U.S. Coal Mines. While t oday ' s  emphasis i s  on t he  t e c h n i -  
c a l  p r e s e n t a t i o n s ,  we do hope t h a t  you w i l l  be a b l e  t o  accompany our  r e sea rch -  
e r s  t o  t he  f i e l d  tomorrow where you can  s e e  f i r s t h a n d  some of t h e  technology 
d i scussed  today. The purpose of t h i s  seminar i s  t o  provide t he  c o a l  mining 
i n d u s t r y  w i th  d e t a i l e d  in format ion  about  r e c e n t l y  developed techniques ,  equ ip-  
ment,  and ins t ruments  f o r  degas i fy ing  o r  o therwise  c o n t r o l l i n g  gas  i n  a  c o a l -  
bed. Techniques t h a t  you w i l l  hear  descr ibed  i nc lude  d e g a s i f i c a  t i o n  through 
v e r t i c a l  boreholes  and s h a f t s ,  i s o l a t i o n  of pane l s ,  and water  i n fu s ion .  Also ,  
d e g a s i f i c a t i o n  of caved a r e a s  through boreholes  w i l l  be descr ibed .  
Methane has  been a  problem i n  U.S. c o a l  mines a lmost  a s  long a s  under-  
ground mining has  e x i s t e d .  The hazards  a s s o c i a t e d  wi th  concen t r a t i ons  of 
methane a r e  wel l  known t o  a l l  of u s .  An i g n i t i o n  of  a n  accumulat ion of meth- 
ane can  r e s u l t  i n  a  d e v a s t a t i n g  explos ion  p a r t i c u l a r l y  when a s s o c i a t e d  w i t h  
c o a l  mine d u s t .  Coal miners and ope ra to r s  a l i k e  go t o  g r e a t  pa in s  and expense 
t o  ma in t a in  methane l e v e l s  w i t h i n  s a f e  l i m i t s  i n  a n  a t tempt  t o  e l i m i n a t e  t h e  
p o s s i b i l i t y  of a  c o a l  mine d i s a s t e r .  
A r e c e n t  survey made by t he  Bureau of Mines and publ ished i n  I C  8558 
t i t l e d  "Methane Emission From U.S. Coal Mines," p o i n t s  o u t  t h a t  some U.S. c o a l -  
beds c o n t a i n  a s  much a s  10 f t 3  of methane pe r  cub i c  f o o t  of c o a l .  A gassy  
mine producing 5,000 tpd of c o a l  may l i b e r a t e  5 m i l l i o n  c f d  of methane; 
s e v e r a l  mines i n  t he  United S t a t e s  l i b e r a t e  i n  excess  of 10 m i l l i o n  c f d  of 
methane. Regulat ions  r e q u i r e  methane t o  be d i l u t e d  and c a r r i e d  s a f e l y  o u t s i d e  
i n  v e n t i l a t i n g  a i r  and n e c e s s i t a t e  sa feguards  a g a i n s t  sparks  t h a t  could cause  
a  gas  i g n i t i o n .  
The record  of d i s a s t e r s  t h a t  have r e s u l t e d  from methane emission i n  under-  
ground c o a l  mines i s  a l l  too f a m i l i a r  i n  our  minds. I n  f a c t ,  a  s e r i e s  of 
methane explos ions  i n  1907 i n  essence  brought about  t he  c r e a t i o n  of  t h e  U.S. 
Bureau of Mines i n  1910. The immediate e f f o r t  has  been d i r e c t e d  toward p re -  
ven t ing  d i s a s  t e rous  explos ions  through the  promotion o f  s a f e  mining p r a c t i c e s ,  
lAc t ing  A s s i s t a n t  Director--Mining, Bureau of Mines, U.S. Department of t h e  
I n t e r i o r ,  Washington, D . C .  
approved mining equipment, and adequate v e n t i l a t i o n ;  engineers ,  s c i e n t i s t s ,  
and c o a l  miners have long sought methods of t o t a l l y  e l imina t ing  the  problem. 
But t he  problem has no t  been simple. I t  i s  t r u e  t h a t  f a t a l i t i e s  r e s u l t i n g  
from methane explosions have been g r e a t l y  reduced, y e t  the  fundamental prob- 
blem s t i l l  p e r s i s t s .  
F igure  1 r e f l e c t s  t he  improvements made through the  e f f o r t s  of those  
involved i n  t h e  indus t ry  t o  c o n t r o l  explosions r e s u l t i n g  from methane i g n i -  
t i o n s .  The t rend i n  f a t a l i t i e s  r e l a t e d  t o  explosions i s  most encouragingly 
downward. However, i t  must be recognized t h a t  methane i s  p o t e n t i a l l y  an  even 
more se r ious  s a f e t y  t h r e a t  because of t h e  need f o r  higher  p roduc t iv i ty  and the  
n e c e s s i t y  t o  e x t r a c t  c o a l  from deeper coalbeds.  The t rend  could t h e r e f o r e  
r e v e r s e  i t s e l f  without  improvement i n  c o n t r o l  techniques and methodologies. 
Hence, increased p roduc t iv i ty  a t  deeper depths w i l l  no t  be poss ib l e  without  
new, innovat ive ,  and acceptab le  c o n t r o l  technologies .  
The d i s a s t e r  i n  1969 provided the  impetus f o r  Congress t o  pass  t h e  Coal 
Mine Health and Safe ty  Act of 1969 which provided the  a d d i t i o n a l  funds neces- 
s a r y  t o  cont inue and expand t h e  methane c o n t r o l  r e sea rch  program pursued by 
the  Bureau. The c u r r e n t  research  program has these  ob jec t ives :  P red ic t ing  
methane concent ra t ions  i n  coalbeds;  e s t a b l i s h i n g  the  geologica l  condi t ions  
t h a t  c o n t r i b u t e  t o  abnormal methane concent ra t ions  i n  coalbeds;  a s se s s ing  the  
phys ica l  p r o p e r t i e s  of coa l  and ad jacen t  s t r a t a  t h a t  in f luence  the  r e t e n t i o n  
and emission of methane; s tudying the  e f f e c t  of coa l  e x t r a c t i o n  on the  emis- 
s i o n  of methane; and devis ing  and t e s t i n g  methods f o r  e f f e c t i v e l y  d ra in ing  o r  
c o n t r o l l i n g  methane emissions from coalbeds p r i o r  t o  and during mining. These 
o b j e c t i v e s  have provided the  b a s i s  f o r  t he  methane c o n t r o l  r e sea rch  e f f o r t s  a t  
t he  Bureau of Mines f o r  some time. Degas i f ica t ion  techniques a s  a  means of 
c o n t r o l l i n g  methane emission was s t a r t e d  about 1963 a s  a  p a r t  of the  methane 
c o n t r o l  r e sea rch  program being pursued by the Bureau. 
An o v e r a l l  view of t h e  methane c o n t r o l  r e sea rch  program i s  shown graphi -  
c a l l y  i n  f i g u r e  2.  Selected a p p l i c a t i o n s  of r e s u l t s  from re sea rch  e f f o r t s  
inc lude  a  demonstration of water i n fus ion  techniques t o  reduce methane i n  f ace  
a r e a s  and the  d e g a s i f i c a t i o n  of methane through v e r t i c a l  boreholes .  Other 
a p p l i c a t i o n s  of r e s u l t s  a r e  i n  process  or  a r e  planned f o r  t he  near  f u t u r e .  
Funding l e v e l s  increased r a p i d l y  with passage of t he  Coal Mine Health and 
Sa fe ty  Act and a r e  p re sen t ly  a t  l e v e l s  s l i g h t l y  lower than t h e  high of 1971. 
While t he  safeguarding of l i f e  i s  the immediate concernof  measures t o  mini-  
mize the  e f f e c t s  of methane emission,  o the r  b e n e f i t s  a r e  a l s o  reaped.  By pro- 
v id ing  improved means of degas i fy ing  coalbeds and removing methane from coa l -  
beds p r i o r  t o  mining an opera tor  can maintain o r  improve methane c o n t r o l  while  
a t  t he  same time provide increased p roduc t iv i ty ,  decreased v e n t i l a t i o n  c o s t s ,  
and perhaps dispose of t he  methane commercially and help c o n t r i b u t e  t o  t he  
s o l u t i o n  of the  energy problem. 
One of t he  major problems of moving newly developed technology from i t s  
l abo ra to ry  and demonstration phases i n t o  a c t i v e  use  by the  indus t ry  i s  t o  show 
p o t e n t i a l  u s e r s  the  b e n e f i t s  t h a t  can be gained by incorpora t ion  of the  new 
technology i n t o  t h e i r  mining systems. To f u r t h e r  t h i s  endeavor t he  Bureau has 
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FIGURE 1. - Influence of safety research on deaths due to explosions. 
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FISCAL YEAR UNDERWAY 
FIGURE 2. - Overall view of methane control  program. 
c r e a t e d  a  Technology Transfer  Group t o  which i s  given the  r e s p o n s i b i l i t y  t o  
a s s i s t  i n  promoting the u t i l i z a t i o n  o f  new technology. This seminar i s  bu t  
one of t h e  ways we a t tempt  t o  inform you and t h e  i ndus t ry  of newly emerging 
technologies .  
The techniques f o r  improved methane c o n t r o l  i n  underground mines t h a t  you 
w i l l  hear  r epo r t ed  today a r e  r i g i d l y  developed technologies  and a r e  ready f o r  
i nco rpo ra t i on  i n t o  t he  mines. You w i l l  have t o  make the judgment whether o r  
n o t  t o  incorpora te  these  technologies  i n t o  your mines. The technology i s  
a v a i l a b l e  t o  b e t t e r  and more e f f e c t i v e l y  c o n t r o l  methane emission. Our 
r e sea rch  personnel  a r e  prepared t o  o f f e r  t o  you the  t e c h n i c a l  a s s i s t a n c e  r e l a -  
t i v e  t o  t he  adopt ion and/or  adapt ion  of t he se  technologies  i n t o  your p a r t i c u -  
l a r  mining system. 
Progress  t o  d a t e  i n  t h i s  methane c o n t r o l  r e sea rch  program has l a r g e l y  
been t h e  r e s u l t  of succes s fu l  coopera t ive  r e sea rch  e f f o r t s  with t h e  i n d u s t r y .  
I n  f a c t ,  wi thout  t h i s  coopera t ive  a t t i t u d e  a s  exh ib i t ed  between the  Bureau and 
c o a l  companies, advances would n o t  be n e a r l y  so succes s fu l .  We w i l l  con t inue  
i n  t he  f u t u r e  t o  seek coopera t ive  cos t - sha r ing  r e sea rch  e f f o r t s  i n  order  t o  
advance even f u r t h e r  t he  s t a t e - o f - t h e - a r t  and develop the  technologies  neces-  
s a r y  t o  c o n t r o l  methane. 
Consequently, I i n v i t e  you, i n  f a c t ,  I urge you t o  t a l k  t o  our r e sea rch  
people he re  today and tomorrow about  your mining problems r e l a t i v e  t o  methane 
c o n t r o l .  
METHANE CONTROL IN U.S. COAL MINES-AN OVERVIEW 
by 
M. G. Zabetak i s 
ABSTRACT 
Methane has  been a  problem i n  U.S. c o a l  mines almost a s  long a s  under-  
ground mining has  e x i s t e d .  This paper summarizes t h e  procedures  t h a t  have 
been used i n  the  p a s t  t o  remove i t  and t o  d i l u t e  i t  t o  a  s a f e  l e v e l .  I n  a d d i -  
t i o n ,  t h e  procedures  c u r r e n t l y  being eva lua ted  f o r  use i n  a s s e s s i n g  the  mag- 
n i t u d e  of t he  methane problem a s  w e l l  a s  those now a v a i l a b l e  f o r  use  i n  
removing methane be fo re  and dur ing  mining a r e  considered b r i e f l y .  Examples 
a r e  g iven  of t h e  r e s u l t s  obtained i n  r ecen t  months i n  a  number of U.S. mines. 
INTRODUCTION 
One of t h e  primary goa l s  of t h e  Bureau of Mines i s  t o  decrease and, where 
p o s s i b l e ,  t o  e l imina t e  t h e  hazards  a s s o c i a t e d  w i th  t he  mining of c o a l .  I n  
t h i s  connect ion,  we have reexamined a  p o t e n t i a l  problem a r e a  t h a t  has  been 
a s soc i a t ed  wi th  coa l  mining i n  t h i s  count ry  f o r  over 160 y e a r s - - t h e p r e s e n c e o f  
methane. Approximately one i n  e i g h t  dea ths  has been a t t r i b u t e d  t o  t he  i g n i -  
t i o n  of methane and c o a l  d u s t  i n  t he  p a s t  66 yea r s  i n  U.S. c o a l  mines. Unfor- 
t u n a t e l y ,  t h i s  r a t i o  has  increased  i n  r e c e n t  y e a r s ,  i n  s p i t e  of the  f a c t  t h a t  
t he  frequency of occurrence of major mine explos ions  and t h e  f a t a l i t y  r a t e  
a s s o c i a t e d  w i th  c o a l  mining have both decreased ( f i g s .  1-2) (2) . This may 
be due i n  p a r t  t o  t he  increased  l i b e r a t i o n  r a t e  of methane i n  today ' s  mines. 
A r e c e n t  s tudy has  shown t h a t  t h e  methane emission r a t e  (MER) depends on both  
t he  mine depth (.D) and on t h e  coa l  product ion r a t e  (CPR) (&). Figure  3 g ives  
a  composite of t he  methane emission r a t e  da t a  f o r  mines i n  the  P i t t s b u r g h ,  
Pocahontas Nos. 3 and 4 ,  and the  I l l i n o i s  Nos. 5 and 6 coalbeds.  Based on t h e  
r e s u l t s  i n  t h i s  f i g u r e ,  we can a n t i c i p a t e  a  f u r t h e r  i nc rease  i n  methane emis- 
s i o n  r a t e s  a s  mining r a t e s  and depths  i n c r e a s e ,  un l e s s  s t e p s  a r e  taken t o  
remove t h i s  gas  before  i t  e n t e r s  the  v e n t i l a t i o n  a i r .  As noted i n  the  subse-  
quent papers  i n  t h i s  s e r i e s ,  t h i s  can be done be fo re  mining s t a r t s  i n  a  
l ~ e s e a r c h  Superv isor ,  Methane Control  and V e n t i l a t i o n ,  P i t t s b u r g h  Mining and 
Sa fe ty  Research Center ,  Bureau of Mines, U.S. Department of  t he  I n t e r i o r ,  
P i t t s b u r g h ,  Pa. Cur ren t ly ,  superv isory  phys ica l  s c i e n t i s t ,  Mining Enforce- 
ment and Sa fe ty  Adminis t ra t ion ,  Washington, D . C .  
'underl ined numbers i n  paren theses  r e f e r  t o  i tems i n  the b ib l iography  a t  t h e  
end of t h i s  chap te r .  
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YEAR 
p a r t i c u l a r  a r e a  o r  wh i l e  
mining i s  i n  p rogress .  A 
c o n s i d e r a t i o n  of t h e  b a s i c  
p r i n c i p l e s  involved i n  t h i s  
work should be made; a  b r i e f  
summary of t h e  r e s u l t s  
ob ta ined  t o  d a t e  i n  t h e  
e a s t e r n  c o a l  mines w i l l  f o l -  
low t h e  nex t  s e c t i o n .  
BASIC PRINCIPLES 
According t o  Mott (x), 
6  








f r a c t i o n  of t h i s  gas  i s  
r e t a i n e d  i n  our e a s t e r n  
c o a l s ;  t he  ba lance  being 
l o s t  t o  t h e  atmosphere. I n  
p r a c t i c e ,  t h e  amount of 
methane t h a t  has been 
r e t a i n e d  by a  p a r t i c u l a r  
c o a l  i s  determined i n  p a r t  
by t he  c o a l  i t s e l f ,  t h e  
mois ture  con t en t  and temper- 
a t u r e  of t he  c o a l ,  and t h e  
h y d r o s t a t i c  p r e s su re  a t  t he  
l o c a t i o n  a t  which t h e  c o a l  
i s  l oca t ed .  Thus, i f  we 
assume t h a t  t h e  gas  p r e s su re  
a t  a  p a r t i c u l a r  l o c a t i o n  i s  
e x a c t l y  equa l  t o  t he  hydro- 
s t a t i c  head p re s su re ,  then  
we can  w r i t e :  
1880 1900 1920 1940 1960 1980 approximately 3,000 £I? of 
methane i s  produced i n  form- 
FIGURE 1. - U.S. c o a l  mine f a t a l i t y  rate; a, per thousand i n g  1 ton  of a  medium rank  
300-day workers and 6, per m i l  l ion  man-hours bituminous c o a l ,  a long  w i th  
exposure. copious q u a n t i t i e s  of carbon 
d iox ide  and wate r .  Only a  
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FIGURE 2. - Underground coa l  production, man-shifts, where h  is the height of  
and major c o a l  mine exp los ions in U.S. water column above the  coal. 
mines between 1850 and 1970 (5-year Knowing t h i s  p r e s su re ,  we 
averages). can  then  measure t h e  amount 
of ga s  t h a t  would be 
adsorbed by a  ton  of c o a l  a t  
a  p a r t i c u l a r  temperature .  For example, Joube r t  (16) has  found t h a t  t h e  gas  
adsorbed by wa te r - s a tu r a t ed  c o a l  i n  t he  P i t t s b u r g h  coalbed i s  given approxi -  
mately  by t h e  equa t ion :  
8 1 i I I I 1 1 1 1 Using equat ion 1, we can 
w r i t e  t h i s  i n  terms of h. 
- Thus we have: 
6- 0'666h f t 3 / t o n ,  (3) 
= 1+0.0017h 
D - + 
0 
Pocahontas - where h aga in  r ep re sen t s  t he  
U) he igh t  of t he  water column 
2 4-  - above the  coa l .  I f  we make 
& the  t u r t h e r  a s s u r ~ ~ p  l i u n  t h a t  
W - - 
2 h i s  e s s e n t i a l l y  the he igh t  
of t h e  overburden, then we 
2- can determine t h e  gas con- 
t e n t  of t he  c o a l  a t  any loca-  
- - t i o n  i n  t he  P i t t sbu rgh  c o a l -  
bed. Unfortunately , severa 1 
0 2 4 6 8 10 d i f f i c u l t i e s  a r e  encountered 
when we at tempt  t o  use  
CPRxD. lo3 tpdx103ft equat ion  3 .  F i r s t ,  i t  i s  
d i f f i c u l t  t o  determine the  
FIGURE 3. - Methane emission rate versus coal produc- actual overburden height in 
t ion rate times depth for mines in the P i t ts -  mountainous areas. Second, 
burgh, Pocahontas Nos. 3 and 4, and illi- even when we know t h i s  
nois Nos, 5 and 6 coalbeds. h e i g h t ,  we may n o t  necessar -  
i l y  know the  a c t u a l  hydro- 
s t a t i c  head. For example, 
f i g u r e  4 g ives  t h e  measured gas p re s su res  a s  a func t ion  of we l l  depth f o r  a 
number of w e l l s  d r i l l e d  i n t o  va r ious  coalbeds i n  t he  United S t a t e s .  This  work 
i s  discussed i n  g r e a t e r  d e t a i l  by Deul (6); fo r  our present  purposes,  however, 
no te  t h a t  t he  gas pressure  i s  a c t u a l l y  below P h y d  i n  most ca ses ,  so t h a t  equa- 
t i o n  3 would tend t o  overes t imate  V a d .  Nevertheless ,  t h i s  equat ion  can se rve  
a s  a f i r s t  approximation i f  o the r  da t a  a r e  no t  a v a i l a b l e .  F i n a l l y ,  a compari- 
son of t he  adsorbed gas volumes and the  a c t u a l  methane emission r a t e s  obtained 
from opera t ing  mines ( f i g .  3) shows t h a t ,  a s  expected,  emission r a t e s  a r e  much 
h igher .  For example, using the  d a t a  from mines i n  t he  P i t t sbu rgh  coalbed,  t he  
r a t i o  of t h e  methane l i b e r a t i o n  r a t e  (MLR = MER/CPR) t o  V a d  i s  approximately 4 
( f i g .  5 ) .  K i s s e l l  E) has s tudied  t h i s  i n  some d e t a i l  and found even l a r g e r  
r a t i o s  i n  many cases .  
METHANE CONTROL I N  THE UNITED STATES 
Although the  Bureau of Mines has been i n t e r e s t e d  i n  methane c o n t r o l  f o r  a 
number of yea r s ,  very  l i t t l e  was done i n  t h i s  a r e a ,  o t h e r  than i n  t he  f i e l d  of 
v e n t i l a t i o n ,  u n t i l  f a i r l y  r e c e n t l y .  Approximately 20 years  ago, J .  Venter and 
P. S tassen ,  I n s t i t u t  Nat ional  de 1 ' I n d u s t r i e  Carbonniere,  Belgium, prepared a 
paper on t h e  drainage and u t i l i z a t i o n  of firedamp i n  response t o  a r eques t  
from the  Bureau (37). During t h i s  per iod ,  Spindler ,  Poundstone, M e r r i t t s ,  and 
Ridenour @-28, 32-34) i n i t i a t e d  a s e r i e s  of i n v e s t i g a t i o n s  on the  use of 
h o r i z o n t a l  and v e r t i c a l  ho les  t o  remove methane from v i r g i n  c o a l  and on the  
use  of water  t o  block i t  a t  a c t i v e  f ace  a r e a s .  Following t h i s  e a r l y  work, 
Sp ind l e r  and Poundstone (34) noted 
t h a t :  "Hor izonta l  d r i l l i n g  i n  advance 
of underground mining appears  t o  o f f e r  
t h e  most promising p rospec t ,  bu t  e f f e c -  
t i v e  and ex t ens ive  a p p l i c a t i o n  w i l l  be 
dependent upon t h e  a b i l i t y  t o  d r i l l  
long h o l e s  . . . " Also ,  'Water i n f u -  
s i o n  appears  t o  o f f e r  some good p ros -  
p e c t s  a s  a n  a i d  t o  d e g a s i f i c a t i o n  and 
i n  t h e  c o n t r o l  of gas  l i b e r a t i o n  r a t e s  
i n  producing s e c t i o n s  and a t  working 
f a c e s  and should be i n v e s t i g a t e d  
f u r t h e r .  " 
0 o A sys temat ic  s tudy  of methane 
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c o n t r o l  was i n i t i a t e d  h e r e  about 10 
yea r s  ago. The i n i t i a l  r e s u l t s  of 
DEPTH, f t  t h i s  work were presen ted  a t  a  seminar 
FIGURE 4 .  - Shut-in pressure versus well he ld  i n  P i t t s b u r g h ,  Pa. ,  i n  1969 
depth (h) .  (2, 1, 12-13> 25, 2). I n  r e c e n t  
months, a d d i t i o n a l  s t u d i e s  have been 
made by t h e  Bureau and 
o t h e r s  on improved packers  
f o r  u se  underground 
(L),  t h e  composition of 
coalbed gas  (18-u) , t h e  
movement of methane i n  c o a l  
( 1 ,  g), t h e  de t e rmina t i on  
o f  t he  methane con t en t  of a  
coalbed from c o r e s  (22) , 
d e g a s i f i c a t i o n  through 
0 
v e r t i c a l  boreholes  (6) , 
200 400 600 800 1000 degas i f  i c a t i o n  through h o r i -  
h, ft z o n t a l  ho l e s  ( 2 - u ) ,  t h e  u s e  
FIGURE 5. - Methane liberation rates and adsorbed gas of i s o l a t e d  pane ls  U) Y 
volumes for mines in the Pittsburgh coalbed the effects  geologic 
versus depth (h).  f a c t o r s  (a g), t h e  
e f f e c t s  of  o i l  and gas  w e l l s  (z), methane c o n t r o l  by 
wate r  i n f u s i o n  (2-5) , gob degas i f  i c a t i o n  through v e r t i c a l  boreholes  (8, 2) ,
t he  e f f e c t s  of b l eede r  systems (24), methane emission from ope ra t i ng  mines 
(14, 23), and t he  v e n t i l a t i o n  of deep mines (17). This work has  shown q u i t e  
conc lu s ive ly  t h a t  many U.S. coalbeds can  be s u c c e s s f u l l y  d e g a s i f i e d  be fo re  
mining commences. We a r e  now i n  t he  p roces s  of degas i fy ing  a  producing mine 
i n  t h e  P i t t s b u r g h  coalbed.  Severa l  phases of t h i s  work a r e  d i scussed  by 
Deul @), F i e l d s  e), Krickovic  (z), and Cervik (3) .  
F i n a l l y ,  whi le  a l l  underground mines must be v e n t i l a t e d ,  o t h e r  methane 
c o n t r o l  techniques  can be cons idered  under t he  p rov i s ions  of Sec t i on  301(b) 
of  t h e  Federa l  Coal Mine Heal th and Sa fe ty  Act and Sec t ion  75.316 of t h e  man- 
da tory  s a f e t y  s tandards  i n  T i t l e  30, U.S. Code of Federa l  Regulat ions (35-36). 
Rather than  c i r c u l a t e  t h e  huge q u a n t i t i e s  of a i r  encountered i n  many of t h e  
gassy  mines ( a s  much a s  10 t o  15 tons  of a i r  i s  c i r c u l a t e d  per  t on  of c o a l  
removed, i n  some c a s e s ) ,  it would be d e s i r a b l e  t o  remove the  methane be fo re  
mining commences. The procedures descr ibed  he re  have been found e f f e c t i v e  i n  
removing 20 t o  80 percent  of t h e  methane t h a t  would o r d i n a r i l y  e n t e r  t h e  ven- 
t i l a t i o n  a i r  ( f i g .  6 ) .  
Methane c o n t r o l  procedures should be incorpora ted  i n  a l l  phases of under- 
ground mining, beginning wi th  the  i n i t i a l  exp lo ra t ion  and cont inuing u n t i l  
mining i s  completed. Many problems can be  circumvented i f  t h e  gas content  of 
t he  c o a l  i s  determined by measuring gas  r e s e r v o i r  pressures  and gas flow r a t e s  
when boreholes  a r e  d r i l l e d  during exp lo ra t ion ,  and by determining the  gas con- 
t e n t  of t h e  c o a l  from c o a l  co re s  (22). A l t e r n a t i v e l y ,  methane l i b e r a t i o n  
r a t e s  can  be es t imated  by s tudying t h e  methane emission of o the r  mines i n  t h e  
a r ea  ope ra t ing  i n  t h e  same coalbed (14). We have r e c e n t l y  proposed w) t h a t  
where the  a n t i c i p a t e d  methane l i b e r a t i o n  r a t e  approaches 400 cfm per  ton  of 
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FIGURE 6. - Efficiencies of various methane control techniques in eastern U.S. coal mines. 
c o a l  mined, v e n t i l a t i o n  a lone  should be considered inadequa te  and t h a t  o t h e r  
methane c o n t r o l  procedures  should be u t i l i z e d .  This  would i nc lude  t h e  u se  of 
v e r t i c a l  and h o r i z o n t a l  ho l e s  t o  dewater and degas i fy  a n  a r e a  b e f o r e  t h e  onse t  
of mining; t he  use  of  h o r i z o n t a l  ho l e s  t o  i n f u s e  an  a c t i v e  f a c e  a r e a  w i t h  
wate r  and thus  d i v e r t  t h e  f low of methane; t h e  u se  of long h o r i z o n t a l  h o l e s  t o  
dewater and degas i fy  a s e c t i o n  du r ing  mining; improvement of b l eede r  e n t r i e s ;  
t h e  u se  of v e r t i c a l  ho l e s  and s l o t t e d  p ipes  t o  d r a i n  a gob a r e a ;  t h e  o u t l i n i n g  
of i s o l a t e d  pane ls  t o  degas i fy  t he  pane ls  p r i o r  t o  mining; hydrof rac ing  a 
b lock  of c o a l  t o  i n c r e a s e  i t s  pe rmeab i l i t y ;  and r a p i d  d i l u t i o n  of methane with  
a i r  a s  i t  e n t e r s  t he  mine. De t a i l ed  procedures  can  be found i n  a number of 
r e f e r e n c e s  included i n  t he  b ib l i og raphy  (39) . 
CONC LU ONS 
Methane c o n t r o l  procedures  must be u t i l i z e d  more e x t e n s i v e l y  t o  p revent  
t h e  a n t i c i p a t e d  i n c r e a s e  i n  methane emission r a t e s  from underground mines a s  
mining r a t e s  and dep ths  i n c r e a s e .  These should be i nco rpo ra t ed  i n  a l l  phases  
of underground mining, beginning wi th  t h e  i n i t i a l  e x p l o r a t i o n  and con t inu ing  
u n t i l  mining i s  completed. 
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METHANE IN COAL 
by 
F. N. K i s s e l l  
ABSTRACT 
Recent Bureau of Mines research  on methane movement through coalbeds has 
provided some i n s i g h t  i n t o  the major f a c t o r s  t h a t  govern the  r a t e  and manner 
by which methane i s  re leased  i n t o  coa l  mines. Emissions from the  s o l i d  work- 
ing  f ace  and from broken coal  a r e  reviewed. The v i t a l  r o l e  of i n t e r s t i t i a l  
water i s  discussed.  A method t o  p r e d i c t  approximately the  gass iness  of a 
prospect ive  mine from exp lo ra t ion  cores  i s  presented.  
INTRODUCTION 
This morning, we w i l l  consider  f i r s t  some of t h e  f a c t o r s  t h a t  govern the  
flow of methane underground. I do no t  th ink  i t  i s  necessary t o  d i scuss  how 
the  methane go t  i n  the  c o a l  i n  t h e  f i r s t  p lace .  Nor i s  i t  necessary t o  
belabor the  f a c t  t h a t  a gassy coa l  mine can r e l e a s e  some remarkable q u a n t i t i e s  
of methane. Rather,  I th ink  i t  might be b e t t e r  f o r  us t o  look a t  t h e  problem 
i n  terms of a number of ques t ions  a p r a c t i c a l  mining man might a sk  the  
researcher  t o  answer. Here a r e  three :  
(1) Where does most of t h e  methane come from during mining a t  the  face?  
Does i t  come from deep wi th in  the  coalbed? From coa l  a t  t he  face?  From 
broken coal?  From the  roof and f l o o r ?  
(2)  Why i s  so  much gas given off  from broken coal?  
(3) Why a r e  some sec t ions  of a mine g a s s i e r  than o the r s?  
These a r e  a l l  p r a c t i c a l  ques t ions  about methane which I th ink  our bas i c  
research  program has s u b s t a n t i a l l y  answered and which I hope t o  answer f o r  you 
today. 
IPhys ica l  research  s c i e n t i s t ,  P i t t sburgh  Mining and Safe ty  Research Center ,  





s t a r t e d  i t s  p re s -  
e n t  methane 
r e sea rch  program 
by d r i l l i n g  ho le s  
and measuring gas 
pressures  i n  t he  
s o l i d  c o a l  ad j a -  
c e n t  t o  t he  work- 
ing f a c e  a rea .  
Figure 1 shows how 
two such holes  
might have been 
d r i l l e d .  Typi- 
c a l l y  they were 
3 i n .  i n  diameter ,  
and perpendicular  
t o  t he  r i b .  Af t e r  
d r i l l i n g ,  they 
were sea led  with 
in£  l a t a b l e  packers 
and t h e  gas pres -  
sure  was measured. 
I n  gene ra l ,  higher  
p re s su re s  were 
found i n  hole  
No. 2 because the  
r i b  a t  t h i s  po in t  
had had l e s s  time 
t o  d r a i n  gas than 
t h a t  a t  ho le  No. 1 ;  
no te  t h a t  h o l e  
No. 2 i s  c l o s e r  t o  
t he  working f ace .  
Some t y p i c a l  FIGURE 1. - Plan view-coal mine entry with two boreholes. 
p ressure  curves 
f o r  ho les  Nos. 1 
and 2 a r e  given i n  f i g u r e  2 .  Most of  t he  pressure  curves we have obtained a r e  
s i m i l a r  t o  t hese ;  t h a t  i s ,  zero  pressure  i s  found a t  o r  near t he  f a c e  o r  r i b ,  
followed by a p re s su re  t h a t  i nc reases  with depth and g radua l ly  l e v e l s  o f f  deep 
wi th in  the  coa l .  I n  a gassy mine i n  the P i t t sbu rgh  coalbed the  h ighes t  mea- 
sured pressures  can be s e v e r a l  hundred pounds per  square inch .  The a c t u a l  
va lue  depends on the  overburden h e i g h t ,  and i n  many ins tances  we have measured 
gas pressures  t h a t  were about the same a s  the  hydros t a t i c  head f o r  t h a t  depth. 
Unfortunately,  t hese  curves do no t  r ep re sen t  t h e  r e a l  s i t u a t i o n  ve ry  we l l .  
For i n s t ance ,  f i g u r e  2 shows zero  pressure  a t  t he  working f a c e  and t h e r e f o r e  
we might expect ze ro  amount of gas  i n  t he  coa l  here .  Of course ,  t h i s  i s  n o t  
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FIGURE 2. - Pressures measured wi th in a coalbed. 
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FIGURE 3. - Gas amount and pressure curves. 
Fractures in r e a l i s t i c .  We know t h e r e  i s  
gas  i n  the  c o a l  a t  t he  work- 
i n g  face .  It i s  t h e  same 
gas t h a t  i s  emit ted from t h e  
broken c o a l  a s  i t  i s  mined 
and c a r r i e d  away. There i s  
a  technique t o  measure the  
volume d i r e c t l y ,  wi thout  
depending on t h e  pressure  
curve,  and t h e  a c t u a l  volume 
o r  amount curve i s  added i n  
f i g u r e  3.  The amount curve 
shows t h e r e  i s  gas  i n  t he  
coa l  a t  t h e  working face.  
Here, i t  i s  c a l l e d  t h e  
r e s i d u a l  gas .  
Why the  apparent  d i s -  
crepancy? It i s  because 
fractures to 
coalbeds a r e  e s s e n t i a l l y  
mine to fractures s o l i d  lumps surrounded by 
f r a c t u r e s .  Methane o r i g i -  
n a t e s  i n  the  s o l i d  lump, but  
t o  g e t  t o  t h e  mine i t  f i r s t  
FIGURE 4. - Modes of gas flow through coal. flows out  of t he  s o l i d ,  and 
then  through t h e  f r a c t u r e s .  
This  i s  represented  diagrammatically i n  f i g u r e  4 a s  a  two-step process .  Most 
of t he  gas i n  a  t y p i c a l  working s e c t i o n  emerges from these  f r a c t u r e s ,  and i t  
o r i g i n a t e s  i n  t h a t  p a r t  of t he  coalbed where the  p re s su re  g r a d i e n t  i s  maximum. 
Obviously t h e r e  w i l l  be  except ions,  bu t  t h i s  answers our f i r s t  ques t ion  about 
where most of t he  gas a t  t he  f ace  comes from. I n  f a c t ,  i t  a l s o  answers t he  
second ques t ion  about gas i n  broken c o a l .  Gas i s  r e t a i n e d  i n  broken coa l  
because coalbeds a r e  s o l i d  lumps surrounded by f r a c t u r e s .  
This d i v i s i o n  of t he  gas flow i n t o  two s t e p s  a l s o  accounts  f o r  a  number 
of coalbed f e a t u r e s  t h a t  a r e  not  e a s i l y  explained otherwise.  Two very  d i f f e r -  
e n t  types of c o a l  w i l l  be considered-- those from the  P i t t sbu rgh  and Pocahontas 
No. 3 coalbeds.  
Coal -
Flow from Flow through 
Nature s o l i d  c o a l  f r a c t u r e s  
P i t t sbu rgh  ............ Hard, blocky well-defined Slow. ... . . Fas t .  
f r a c t u r e s  . 
Pocahontas No. 3. ..... S o f t ,  f r i a b l e  poorly def ined  Fas t . .  .... Slow. 
f r a c t u r e s  . 
Underground, t h e  permeabi l i ty  of t h e  coalbed i s  c o n t r o l l e d  by the  f r a c -  
t u r e s .  This means t h a t  the  P i t t sbu rgh  coalbed i s  much more permeable, and f o r  
a  given gas pressure ,  t h i s  coa l  w i l l  r e l e a s e  gas more quick ly  than  c o a l  i n  t he  
Pocahontas No. 3 coalbed. However, i f  we consider  an ind iv idua l  lump of s o l i d  
coal--say a  lump on the  conveyor b e l t  o r  one taken back t o  the  labora tory- -  
then t h e  lump of Pocahontas No. 3 coa l  w i l l  g ive  o f f  gas more quickly ,  assum- 
ing  t h a t  i n i t i a l  amounts a r e  the  same. 
Theore t ica l  c a l c u l a t i o n s  f o r  these  pressure  curves show t h a t  the  curve 
f o r  hole No. 1 i s  lower than i t  ought t o  be ( f i g .  2 ) .  The only way we can 
account f o r  t h i s  i s  t o  assume t h a t  t he  r a t e  of the  second flow s t e p  (flow 
through f r a c t u r e s )  i nc reases  with time. Apparently t h i s  occurs because t i n y  
amounts of water o r i g i n a l l y  trapped i n  the  coalbed f r a c t u r e s  block gas f l ~ w .  
Following mining, t h i s  water slowly d ra ins  i n t o  the  mine unblocking these  
f r a c t u r e s  and increas ing  t h e i r  permeabil i ty .  We can r ep resen t  approximately 
t h e  time v a r i a t i o n  of permeabil i ty  wi th  t h i s  t ab le :  
Approximate permeabil i ty  
P i t t sbu rgh  coa l  (mi l l idarcy)  How obtained 
Virg in  coalbed ................... 1 V e r t i c a l  we l l s .  
Coal ad jacent  t o  working f ace  .... 10 Horizontal  holes .  
Coal ad jacent  t o  old r i b s . .  . . . . . . 200 Do. 
Much t h e  same e f f e c t ,  bu t  much l e s s  extreme, i s  observed i n  o i l  and gas 
we l l s .  Figure 5 i s  a  so-ca l led  r e l a t i v e  permeabil i ty  curve f o r  coa l .  It 
g ives  the  permeabil i ty  of a  
lump of f r ac tu red  coa l  
versus  the  water  s a t u r a t i o n  
i n  the  f r a c t u r e s .  Note how 
a very  small change i n  water 
s a t u r a t i o n  can g r e a t l y  
a f f e c t  the  gas permeabil i ty .  
What does t h i s  mean i n  
p r a c t i c a l  terms? F i r s t  of 
a l l ,  i t  shows why water 
infus ion  works. I f  dra in ing  
water unblocks the  f r a c t u r e s  
My own not ion  i s  t h a t  FIGURE 5. - Gas phase re la t ive permeabil i ty of coal  this relative permeability 
(Kg/Ka) versus water saturation, sw. e f f e c t  a l s o  expla ins  i n  p a r t  
4 -  
2 
why one sec t ion  of a  mine 
0 20 40 60 80 100 an inc rease  i n  permeabil i ty .  
SW, pct 
imbibi t ion)  blocks them. 
then infus ing  water ( ca l l ed  
Secondly, i t  expla ins  why 
our v e r t i c a l  s h a f t  d e g a s i f i -  
c a t i o n  i s  working so we l l .  
The methane drainage r a t e  
has remained high even 
though t h e  pressure  has 
f a l l e n  o f f - - the  reason being 
- \ lmbi bition 1: 
\ a - 
Pittsburgh coal 
- Ka =0.019 md 
I I I I I I 
may be gass ie r  than another. I f  we keep i n  mind t h a t :  1 
GAS FLOW a PRESSURE X PERMEABILITY 1 
and i f  we r e c a l l  t h a t  small changes i n  water s a t u r a t i o n  can produce l a rge  
changes i n  permeabil i ty,  then we can a t  l e a s t  r a t i o n a l i z e  l a rge  changes 
i n  gas flow from sec t ion  t o  sec t ion .  
APPLICATIONS 
Now t h a t  we have answeredthe o r i g i n a l  th ree  quest ions and d e a l t  with the 
fundamentals, we can turn  to  something new. The emphasis today i s  on p r a c t i -  
c a l  and workable things a mine opera tor  can use ,  and one of the th ings  I have 
been working on i s  a method t o  fo recas t  approximately the  methane emission 
from a prospective mine by measuring the methane content  of an explora t ion  
coal  core .  Those of you who have been a t  an explora t ion  s i t e  when a wet coal  
core was brought t o  the  surface ,  may have noticed methane bubbles on the  su r -  
f ace  of t h e  core. I f  ins tead  of watching the bubbles, we enclose the  core  i n  
a sealed conta iner ,  we can measure the amount of methane i n  the  core. In  
f i g u r e  6 ,  emission from the  core  i s  used t o  d isplace  water i n  an inver ted  
graduated cyl inder .  This i s  not  q u i t e  enough, however, f o r  a way i s  needed t o  
account f o r  the methane l o s t  from the  core a s  i t  was being brought out of the 
v e r t i c a l  borehole. There i s  a way t o  do t h i s  ( f ig .  7 ) .  I f  the  emission r a t e  
i n t o  the  inverted graduated cyl inder  i s  p lo t t ed  versus the  square roo t  of time, 
a backwards ext rapola t ion  t o  zero time can y i e l d  a f igure  f o r  t h i s  l o s t  gas.  
The next s t e p  i s  t o  c o r r e l a t e  the  gas i n  the core with t h e  gas output  of 
some ex i s t ing  mines. Figure 8 shows such a c o r r e l a t i o n  f o r  s i x  mines. I n  
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FIGURE 7. - Typ ica l  gas emission rate FIGURE 8. - Gas emission from coal  samples 
curve from a coal sample. and from nearby operating mines. 
every c a s e  t h e  v e r t i c a l  borehole  from which t h e  co re  was e x t r a c t e d  was w i t h i n  
a mi le  o r  s o  of t he  mine. Here, of course ,  t h e  mines a l r e a d y  e x i s t e d ,  b u t  
t h e r e  i s  no reason  why t h i s  graph could no t  be used t o  p r e d i c t  t he  emission,  
a t  l e a s t  approximately,  f o r  mines t h a t  have n o t  y e t  been s t a r t e d .  I have p re -  
sen ted  only t he  b a r e s t  ske tch  of t h e  method here .  Addi t iona l  d e t a i l s  can be  
ob ta ined  from Bureau of Mines R I  7767.2 
2Ki s se l1 ,  F. N . ,  C .  M .  McCulloch, and C .  H. E lder .  The D i r e c t  Method of 
Determining Gas Content of Coalbeds f o r  V e n t i l a t i o n  Design. BuMines 
R I  7767, 1973, 17 pp. 
DEGASlFlCATlON THROUGH VERTICAL SHAFTS 
by 
H. H. Fields 1 
ABSTRACT 
I n i t i a l  gas flows from seven holes d r i l l e d  (average depth 618 f e e t )  from 
the  enlarged bottom of an 839-foot-deep borehole were 79,000 t o  257,000 c fd .  
The maximum i n  s i t u  gas pressure measured from a point  190 f e e t  i n  the  coalbed 
was 203 ps ig ,  and i n i t i a l  water flow averaged 6 .8  gpmlhole. Af ter  190 days of 
degas i f i ca t ion  the  gas flow i s  averaging 508,000 cfd  from a l l  holes and a 
t o t a l  of 97,000,000 f t 3  of methane has been l ibe ra ted .  This i s  83 percent  of 
the  gas ca lcu la ted  t o  be i n  the a f fec ted  area  of coal .  I n  s i t u  pressure i s  
holding a t  12.7 ps ig ,  and water flow averages 0.34 gpmlhole. 
INTRODUCTION AND STUDY AREA 
The Bureau of Mines has been in te res ted  i n  mine s a f e t y  fo r  more than 
60 years .  I n  add i t ion  t o  other  areas  of sa fe ty ,  work i s  i n  progress i n  meth- 
ane c o n t r o l ,  including removal of methane from v i r g i n  coalbeds and from 
a c t i v e l y  p i l l a r e d  and old gob areas .  The purpose of t h i s  study was t o  de te r -  
mine the  e f fec t iveness  of long holes d r i l l e d  i n t o  s o l i d  coal  i n  very  gassy 
v i r g i n  a reas  of t h e  Pi t t sburgh coalbed. Methane e x i s t s  under pressure  i n  
micropores, j o i n t s ,  and f r a c t u r e s  of gassy coal bed^.^ I n  many a reas ,  i t  i s  
a l s o  present  i n  adjacent  s t r a t a  a t  var ious  d is tances  above and below the 
coalbed. 
From t h e  r e s u l t s  obtained thus f a r ,  i t  i s  now evident  t h a t  almost com- 
p l e t e  degas i f i ca t ion  can be ef fec ted  w e r  a s i g n i f i c a n t  a rea  i f  accomplished 
ahead of mining. This study i s  concerned with the  d r i l l i n g  of long holes i n  
the  coalbed from t h e  bottom of an enlarged borehole. The study area  ( f i g .  1) 
i s  located i n  t h e  3 South mains, i n  a b a r r i e r  p i l l a r  of Eastern Associated 
Coal Corp. 's  Federal  No. 2 mine. Af ter  d r i l l i n g  the holes i n t o  the  coalbed, 
the  gas i s  then bled off  through a piping system t o  the  surface  where the  
t o t a l  flow and system pressure i s  measured and then vented t o  t h e  atmosphere; 
i t  may l a t e r  be u t i l i z e d  by a gas company having gas l i n e s  nearby. A s  f a r  a s  
lMining engineer ,  P i t t sburgh Mining and Safety Research Center,  Bureau of 
Mines, U.S. Department of the  I n t e r i o r ,  P i t t sburgh,  Pa. 
' ~ e r v i k ,  Joseph. An Inves t iga t ion  of the  Behavior and Control of Methane Gas. 
Min. Cong. J . ,  v. 53, No. 7 ,  Ju ly  1967, pp. 52-57. 
FIGURE 1. - Federal No. 2 mine location of multipurpose borehole. 
we know, t h i s  exact  technique has not  been undertaken elsewhere i n  t h i s  coun- 
t r y .  Some of the  values of t h i s  type of degas i f i ca t ion  ahead of mining a r e :  
1. Reduce i g n i t i o n s  a t  the  face , thus  reduce the  explosion hazards. 
2. Reduce v e n t i l a t i o n  cos t s .  
3. Increase coa l  production. 
4. Conserve n a t u r a l  gas. 
CONSTRUCTION OF THE MULTIPURPOSE BOREHOLE 
A 3- in  diameter exploratory hole was d r i l l e d  f i r s t  t o  provide the  geolog- 
i c a l  information fo r  d r i l l i n g  the 74-in diameter borehole through the  coalbed. 
A l a rge  r o t a r y  d r i l l  r i g  was erec ted  on a 20- by 20- by 3 - f t - t h i c k  concrete 
pad ( f i g .  2) .  The d r i l l  has a  "dry weight" capaci ty  of 600,000 l b  and weighs 
approximately 1,000,000 lb  f u l l y  assembled. An 84- in  diameter hole was then 
d r i l l e d  50 f t  t o  sound rock and l ined wi th  a 74-in diameter s t e e l  casing,  and 
cemented i n  place t o  prevent inflow of surface water ( f i g .  3 ) .  Subsequently, 
a  72-in-diameter hole  was d r i l l e d  839 f e e t  t o  the bottom of the Pi t t sburgh 
coalbed. The hole  was l ined with a va r i ab le  thickness,  24-in-diameter s t e e l  
casing (1-in a t  the bottom and 1 /2 - in  a t  the top) and designed t o  withstand 
f u l l  hydros ta t ic  head. Two 3- in  and two 4 - in  pipes were i n s t a l l e d  by tack 
welding t o  the  outs ide  of the  24-in casing fo r  e l e c t r i c a l ,  dewatering, and 
degas i f i ca t ion  se rv ice  t o  t h e  borehole bottom. The casing was then cemented 
t o  the  surface  i n  four s tages .  
SURFACE PLANT 
After  removing the  d r i l l  r i g ,  the surface  p lan t  was constructed a t  the  
s i t e  ( f i g .  4 ) .  A mine h o i s t  having a t o t a l  capaci ty  of 8,000 lb  was i n s t a l l e d  
and a t r ipod type head frame was erected over the  borehole. A va r i ab le  speed 
v e n t i l a t i o n  fan  r a t e d  a t  9,000 c£m a t  12-in water gage was located 100 f t  
upstream from the  borehole. (Because of methane gas a l l  e l e c t r i c a l  equipment 
was permissible by U.S. Bureau of Mines standards.)  
A high-pressure degas i f i ca t ion  exhauster having a t o t a l  capaci ty  of 1,500 
cfm a t  4 i n  of mercury was i n s t a l l e d  200 f t  from the  v e n t i l a t i o n  fan  and 
100 f t  from the  borehole. Total  gas flow from the  seven hor izonta l  holes was 
measured by an 8 - i n  turboflowmeter located a t  the  surface.  To keep the  bore- 
hole  dewatered during const ruct ion ,  a  50-gpm a i r -d r iven  displacement type pump 
and a 50-gpm submersible pump were used. 
FIGURE 2. - Rotary d r i l l  rig. 
FIGURE 3. - Multipurpose borehole for degasification of virgin coal. 
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ENLARGEMENT OF THE 
BOREHO LE BOTTOM 
Af te r  removing the  
d r i l l i n g  f l u i d ,  t he  sand 
bags,  and g r a v e l ,  the bore-  
ho le  was p rog res s ive ly  
enlarged on a  34-degree 
ang le  t o  a  1 4 - f t  diameter  
chamber w i t h i n  t h e  coalbed. 
The s lop ing  rock s e c t i o n  was 
rock bo l t ed  on two circum- 
f e r e n t i a l  l i n e s  and coated 
wi th  a  2 - i n  t h i c k  l a y e r  of 
r e in fo rced  gun i t e  ( f i g .  5 ) .  
Scale, f I 
DRILLING HORIZONTAL HOLES 
The d e g a s i f i c a t i o n  
ho le s  ( f i g .  6) were d r i l l e d  
i n  t he  c o a l  wi th  a  Sprague 
and Henwood Model 40CL s t a n -  
dard core  d r i l l .  Measured 
ELEVATION c o n t r o l  of torque,  d r i l l i n g  
FIGURE 4. - Plan elevation-surface plant layout at speed, and t h r u s t  was no t  
multipurpose borehole. poss ib l e  w i th  t h i s  u n i t .  
For t h e  most p a r t ,  the  ho le s  
1 3 1  carbonaceous shale 
bolts (shale zone) 
Location of 2nd line rock 
bolts yein diamX 7 f t  long 
Zin No 9 gunite wire f a b r ~ c a /  over K; lexible nt lube 
f?n horizonlol holes drilled 
lnto coolbed L4fl.I 6fl- 
FIGURE 5 .  - Li thology of borehole bottom. 
were i n c l i n e d  upward 114 
degree s t a r t i n g  a t  a  po in t  
approximately 34 i n  below 
t h e  top of t h e  coalbed and 
were d r i l l e d  t o  a  depth of 
55 f t .  An NX drag  b i t  
f i t t e d  t o  a  1 0 - f t  packed 
ho le  s t a b i l i z e r  , 2-29/32 i n .  
i n  diameter ,  followed by a  
10 - f t  d r i l l  rod and a  5 - f t  
packed ho le  s t a b i l i z e r  was 
used from 55 t o  100 f t  i n  
depth. 
The s t a b i l i z e r  assembly 
( f i g .  7) then  was changed t o  
a  s i n g l e  packed ho le  s t a b i -  
l i z e r ,  5 f t  i n  length ,  immedi- 
a t e l y b e h i n d t h e  same drag b i t .  
The holes  were advanced wi th  
t h i s  assembly t o  about 390 
f t ,  w i th  surveys being made g e n e r a l l y  a t  150, 300, and 400 f t .  A t  a  depth of 
approximately400 f t ,  t h e  5 - f t  s t a b i l i z e r w a s  fo l lowedbyaweighted  2-112-in, 5 - f t  
d r i l l r o d , a n d t h e h o l e a d v a n c e d t o a  d e p t h o f 5 0 0  f t .  A l l  ho l e s ,  except one, were 

29/3rin cutter ring 
Steel gusset or spider 
Drill rod 
SECTION A-A -- 
Water intake through 
standard water swivel 
FIGURE 7. - Stabilizer assembly. 
advanced beyond 500 f t ,  assuming only minor c h a r a c t e r i s t i c  dev ia t ions  would be 
r e a l i z e d  by us ing  the  two b a s i c  s t a b i l i z e r  assemblies  descr ibed  above. The 
holes  were advanced i n  excess  of 600 f t  using the  two-unit s t a b i l i z e r  assembly, 
then changed t o  the  s i n g l e  s t a b i l i z e r  assembly; one hole  was d r i l l e d  t o  a  
maximum of 850 f t .  
A mechanical packer was i n s e r t e d  i n  the  ho le  and the  ho le  was shu t  i n  t o  
prevent  outf low of gas  u n t i l  a l l  d e g a s i f i c a t i o n  ho le s  were completed. The 
i n  s i t u  p re s su re  hole  was "packed" wi th  provis ion  f o r  measuring the  gas p re s -  
su re  a t  four  equal ly  spaced loca t ions .  These l a t e r  were replaced with one 
pressure  po in t  loca ted  190 f t  i n t o  t he  coalbed. 
Each hole  was connected from the  mechanical packer t o  a  Bureau-designed 
water  t r a p ,  o r i f i c e  p l a t e  f o r  measuring p re s su re  i n  and flow from each ho le  
and t o  a  24-in-diameter by 72-in-high r e c e i v e r  tank. The two 4 - i n  s t e e l  p ipes  
grouted behind the  48-in cas ing  were connected t o  t he  tank 160 degrees a p a r t  
( f i g .  8 ) .  
P L A N  
,4-in pipes to 
TYPICAL SECTION 
FIGURE 8. - Plan-typical sect ion of collector system. 
+ I n  s i t u  gas  pressure  
( f i g .  9) and volume measure- 
ments a r e  made p e r i o d i c a l l y  
(7 t o  10 days) a t  t he  bottom 
of the  borehole. I n  addi -  
t i o n ,  t o t a l  gas flow, p res -  
su re ,  and time a l s o  a r e  read 
with t h e  turbof lowmeter 
located on the  sur face .  
RESULTS AND DISCUSSIONS 
The i n i t i a l  gas flow 
r a t e s  a r e  given i n  t a b l e  1. 
I t  i s  assumed t h a t  ho le s  7 ,  
8 ,  and 1 a r e  sh ie lded  from 
the  we l l s  by t h e  o ther  ho le s  
( p a r t i c u l a r l y  2  and 6) , then 
the  i n i t i a l  gas flow r a t e  
(GFR) i n  the  absence of t h e  
we l l s  would be given by t h e  
equat ion : 
GFR = (0.18 - 0.1 Cos 20) 
c f m / f P  (1) 
where 8 i s  the  angle  (d i s -  
placement) measured clock-  
wise from the  f ace  c l e a t  
located between holes  2  and 
4. Note i n  p a r t i c u l a r  t h e  
e f f e c t s  of t h e  d i r e c t i o n a l  
permeabi li t y  on the  flow 
( f i g .  10) ; i n  the  absence of 
w e l l s ,  the  maximum flow i s  
from holes  d r i l l e d  along the  
b u t t  c l e a t s  (B) and nea r ly  
perpendicular  t o  the  face  
c l e a t s  (F).  However, a s  
boreholes  t h a t  pass  near  
we l l s  may have flow r a t e s  
1 I I 1 I 
TIME, days above t h e  predic ted  va lues ,  
i t  i s  not  s u r p r i s i n g  t o  f ind  
FIGURE 9. - In si tu  gas pressure. t h a t  the  i n i t i a l  flow r a t e s  
from holes  2  and 4  were 
approximately twice a s  high 
a s  those t o  be expected from equat ion 1. Fur ther ,  comparing the  flows from 
holes  4  and 7  (two d iame t r i ca l ly  opposed h o l e s ) ,  we see t h a t  t h e  flow from 
hole  4 ,  which passes near  a  gas we l l ,  was about 2.5 times higher  than t h a t  
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FIGURE 10. - Methane f low and displacement (f ig. 6). 
f i n d i n g s  by zabe tak is3  on t h e  e f f e c t s  of o i l  and gas w e l l s  on emission of  
methane i n  c o a l  mines.  
TABLE 1. - I n i t i a l  d a t a  on t h e  seven d e g a s i f i c a t i o n  ho l e s  
No. o f h o l e  ( f i g .  1 )  .............. 1 2 
Length . . . . . . . . . . . . . . . . . . . . . . . .  f t . .  646 850 
Gas emission per  1,000 c fd .  ....... 
Gas flow pe r  sq f t  of  c o a l  s u r f a c e  
i n  h o l e s  .................... c f d . .  
Angle of ho l e  w i t h  r e s p e c t  t o  f a c e  
. .  c l e a t 1  ...................... deg 
Dis tance  from gas  w e l l  ........ f t . .  
Average water  d i s cha rge  . . . . . . g p  m. .  
In  s i t u  gas  p r e s s u r e  a t  199 - f t  
dep th  . . . . . . . . . . . . . . . . . . . . . . . .  s i . .  
l F a c e  c l e a t  i s  app rec i ab ly  more pe meable t' .an t h e  much s h o r t e r  b u t t  
- 1 203 
c l e a t .  
3 ~ a b e t a k i s ,  M. G . ,  T .  D. Moore, J r . ,  A .  E .  Nagel, and J .  E .  Ca rpe t t a .  Methane 
Emission i n  Coal Mines--Effects  of O i l  and Gas Wells.  BuMines R I  7658, 
1972, 9 pp. 
A f t e r  t h e  i n i t i a l  flow r a t e s  were measured, t he  seven b l eede r  ho l e s  were 
connected t o  a common c o l l e c t o r .  The t o t a l  methane emission from these  ho l e s  
f e l l  f o r  approximately 50 days and then  began t o  i n c r e a s e  ( t a b l e  2 ) .  I n t e r -  
e s t i n g l y ,  t h e  emission r a t e  f e l l  by a f a c t o r  of 2 ( f i g .  11) , and the  gas  p r e s -  
s u r e  i n  t h e  coalbed f e l l  by a f a c t o r  20 ( f i g .  9 ) .  However, dur ing  t h i s  pe r iod ,  
a f a i r  amount of water  was removed from t h e  c o a l  ( t he  average i n i t i a l  water  
flow r a t e  was 6.2 gpm p e r h o 1 e ) ; i n  50 days t h i s  f i g u r e  f e l l  t o  0.5 gpm per 
ho l e  and the  gas  permeabi l i ty  of t h e  c o a l  increased .  A s  a f i r s t  approximation, 
t h e  i n i t i a l  methane emission r a t e s  (MER) a r e  p ropor t i ona l  t o  t h e  i nc rease  of 
t h e  square r o o t  of t h e  e lapsed  t ime,  t: 
MER = 970 ; 0 g t g 40 days 
J1 + t / l O  
This simple equa t ion  y i e l d s  va lues  w i t h i n  about 5 percent  of t he  smoothed 
(curve) da t a  g iven  i n  f i g u r e  11. 
TABLE 2. - Tota l  gas and water  flows and i n  s i t u  gas  p re s su re s  
24 hours  a f t e r  a l l  ho l e s  connected t o  c o l l e c t o r  
I n i t i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Twenty-four hours  a f t e r  a l l  ho l e s  
connected t o  c o l l e c t o r . . .  ............... 
Days a f t e r  above 24 hours:  
10 .................................... 
20 .................................... 
30. .  .................................. 
40 .................................... 
50 .................................... 







130 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
140 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
150 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
160 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
170 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
180 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
190 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
200 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gas 
emission,  
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FIGURE 11. - Methane emissions. 
A t o t a l  of 102,000,000 f t 3  of  gas has  been removed i n  200 days from the  
v i r g i n  a r e a  involved. This i s  equiva len t  t o  87 percent  of t he  c a l c u l a t e d  gas  
i n  t h e  a r e a  of  c o a l  involved. While the  i n  s i t u  gas  pressure  has dropped t o  
12 .7  ps ig  and water flow t o  0.35 gpmlhole, t h e  gas flow has averaged 509,000 
cfd .  
TABLE 3. - Analyses of two samples from t o t a l  gas  emission 
Regarding the  cos t - e f f ec t iveness ,  i t  should be recognized t h a t  the  
expense of t h i s  study i s  ve ry  high ($848,000). A much more p r a c t i c a l  
approach i s  f o r  c o a l  companies ope ra t ing  i n  ve ry  gassy coalbeds t o  cons ider  
planning more a i r  s h a f t s  w i th  smaller  c r o s s - s e c t i o n a l  a r e a s  than i s  the  
inc reas ing  p r a c t i c e  today. It would be adequate t o  s i n k  the  s h a f t s  3 years  
ahead of need and degas i fy  the  v i r g i n  coa l  by long ho le s  a s  accomplished i n  
conjunct ion  wi th  the  mult ipurpose borehole.  
Ethane (C,%) . . . . . . . . . . . . . . . . . . . . p p  m . .  
Carbon d ioxide  ( C 0 2 )  . . . . . . . . . . . . . p  ct . .  
...................... Oxygen (0,) pct . .  
.................... Nitrogen (N,) pc t . .  














Based on the  d e g a s i f i c a t i o n  r e s u l t s  obtained i n  200 days, i t  can be con- 
cluded t h a t  t he  multipurpose borehole i s  a  use fu l  technique. I t  i s  concluded 
t h a t  f i n a l  d e g a s i f i c a t i o n  w i l l  exceed appreciably the  est imated volume of gas 
c a l c u l a t e d  t o  be i n  the  a rea  involved. However, the  c o s t  of using the  mul t i -  
purpose borehole technique i s  q u i t e  expensive; t he re fo re ,  i t  appears  advisable  
t o  cons ider  using the  technique of d r i l l i n g  d e g a s i f i c a t i o n  holes  i n  the coa l -  
bed from the  bottom of planned a i r  s h a f t s  (sunk by conventional  mechanized 
methods) i n  v i r g i n  coa l  a reas  approximately 3 years  ahead of c l o s e s t  mine 
workings. 
( THE USE OF ISOLATED COAL PANELS IN THE PITTSBURGH COALBED I 
I C. Findlay, S. K r i c k ~ v i c , ~  and J. E. Carpetta3 
I ABSTRACT 
The Bureau of Mines conducted methane emission r a t e  s tud ies  duringdevelop- 
mentof1,800 f t  of a  s e t  of three  headings within a major coal  panel (2,700 by 
3,500 f t )  which had been completely i so la ted  by s e t s  of headings f o r  12 months 
i n  a  Pi t t sburgh coalbed mine i n  northern West V i r  i n i a .  Minimum, maximum, and P average emission r a t e s  were 2.1, 14.0, and 9 .1  f t  per ton of c o a l  mined i n  
the  order named; and the  maximum and minimum average production r a t e s  were 3.7 
and 3.0 tpm, r e spec t ive ly ,  with continuous penet ra t ion  r a t e s  being judged t o  
be i n  excess of 5 tpm. No methane problems were encountered, and the methane 
emission r a t e  of the  panel was estimated t o  be i n  excess of 70 percent lower 
than the  r a t e s  measured i n  development within two v i r g i n  coal  a reas  i n  the 
same mine. 
I INTRODUCTION 
Methane e x i s t s  under pressure i n  the micropores, j o i n t s ,  and f r a c t u r e s  of 
gassy coalbeds. I n  many mines i t  i s  a l s o  present  i n  adjacent  s t r a t a  a t  v a r i -  
ous d is tances  above and below the  coalbed. An i n  s i t u  gas pressure of 275 p s i  
has been measured i n  the Pi t t sburgh coalbed, and permeability of the bed has 
been found t o  be high compared with t h a t  of o ther  coal bed^.^ Because of t h i s  
high pressure and permeabil i ty i t  i s  very advantageous safety-wise and 
production-wise t o  degasify the coalbed t o  the f u l l e s t  extent  p rac t i cab le  
before mining. One procedure f o r  draining methane from v i r g i n  coalbeds i s  t o  
i s o l a t e  major coal  panels by developing s e t s  of headings around them and t o  
al low bleed-off f o r  a t  l e a s t  1 year p r i o r  t o  mining within the  panels.  
Some coal  companies have achieved p a r t i a l  and almost complete i s o l a t i o n  
without a c t u a l l y  planning it. Ven t i l a t ion  problems, d i f f i c u l t  mining 
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cond i t i ons  and the  need f o r  g r e a t e r  product ion a r e  t h e  u sua l  reasons f o r  t he  
development i n  ad j acen t  a r e a s  t h a t  r e s u l t e d  i n  t he  i s o l a t e d  cond i t i ons .  Other 
companies, mining i n  very  gassy coa lbeds ,  develop b u t t  headings f o r  longwall  
pane ls  ahead of need and degas i fy  t he  i s o l a t e d  pane ls  by d r i l l i n g  ho l e s  i n  t he  
coalbed on approximately 100- f t  c e n t e r s  and approximately 200 f t  deep from 
both s i d e s  of t he  pane l s .  I n  r e l a t i v e l y  few c a s e s ,  where t o t a l  i s o l a t i o n  of a  
major c o a l  pane l  i s  planned, mining wi th in  t he  panel  i s  s t a r t e d  promptly upon 
completion of t he  i s o l a t i o n .  Although such a  procedure improves s a f e t y  and 
p r o d u c t i v i t y  t o  some degree,  some time u s u a l l y  i s  needed t o  bleed o f f  t h e  
methane f o r  s i g n i f i c a n t l y  g r e a t e r  advantage. 
LOCATION AND DESCRIPTION OF STUDY AREAS 
F igu re  1 shows t h e  l oca t ions  of e i g h t  s tudy  a r e a s  i n  Federa l  No. 2  mine 
operated i n  no r the rn  West V i rg in i a  by Eas te rn  Associated Coal Corp. 
Area 1 was loca ted  i n  the  development of four  headings of 2  South mains 
t o  complete t he  s e t  of 10 headings of t he  major panel  t h a t  had been i s o l a t e d  
12 months be fo re  t h i s  mining was undertaken.  Areas 3  through 6 and 8 were 
loca ted  i n  a  s e t  of t h r e e  headings t h a t  were being developed i n  t h e  i s o l a t e d  
block (2,700 by 3,500 f t )  t o  improve v e n t i l a t i o n .  The headings were developed 
1,800 f t  a t  t h e  end of s t u d i e s .  
Area 2 was loca ted  i n  s i x  of t he  10 p ro j ec t ed  2 North mains headings i n  
v i r g i n  c o a l ,  and a r e a  7 i n  seven of t he  10 p ro j ec t ed  2 South mains headings 
a l s o  i n  v i r g i n  c o a l .  
M I N I N G  METHOD AND EQUIPMENT 
The c e n t e r s  of headings and breakthroughs and widths  of both i n  the  i s o -  
l a t e d  pane l  were 100, 80 ,  and 13 f t ,  r e s p e c t i v e l y .  They were 90, 80,  and 
13 f t  i n  2  North mains and 100, 90, and 14 f t  i n  2  South mains.  
Thickness of t he  coalbed was 9 f t ,  of  which 7 f t  were mined under 735- t o  
8 4 5 - f t - t h i c k  overburden. Mining was done wi th  boring-type cont inuous miners 
i n  a l l  s tudy  a r e a s  except  No. 7, where a  f u l l f a c e  r i ppe r - type  u n i t  was used. 
Coal was discharged t o  t he  f l o o r  where convent ional  loaders  t r a n s f e r r e d  i t  t o  
10- ton-capac i ty  s h u t t l e  c a r s  f o r  t r a n s p o r t a t i o n  and unloading i n t o  t h e  b e l t  
f eede r s  f o r  r a p i d  handl ing and uniform d ischarge  onto t a i l  ends of b e l t  con- 
veyors  i n  a l l  s tudy  a r e a s .  Each miner was gene ra l l y  served wi th  two s h u t t l e  
c a r s .  
VENTILATION AND M O N I ~ R I N G  
A l l  s tudy a r e a s  w i t h i n  t he  i s o l a t e d  c o a l  panel  were v e n t i l a t e d  wi th  one 
s p l i t  of a i r ,  except  a r e a  No. 1;  the  o u t s i d e  l e f t  and r i g h t  headings were 
i n t a k e  and r e t u r n  airways,  r e s p e c t i v e l y ,  and the  middle ( b e l t  conveyor) head- 
i ng  a  r egu la t ed  i n t a k e  (about 2,000 t o  3,000 cfm) t o  prevent  excess ive  ve loc -  
i t y  whi le  maintaining t h e  methane concen t r a t i on  below 1 percent .  Areas 1, 2 ,  
and 7 were v e n t i l a t e d  w i th  two a i r  s p l i t s ,  wi th  a  s i n g l e  r e t u r n  airway f o r  
FIGURE 1. - Location of study areas. 
each split, except area 7, which had two returns for one split and one for the 
other. The belt conveyor heading in each area was a regulated intake. 
All air velocities and methane concentrations were measured with hand- 
held instruments. Airflow measurements were obtained by traversing at uniform 
speed with an anemometer across accurately measured cross-sectional areas 
every hour; methane concentrations were obtained at the average velocity 
points just inby the last masonry stoppings at 5- to 10-min intervals. When 
the miners were not operating and the belt conveyors were empty, intake 
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FIGURE 2. - Data from study area 1-isolated panel. 
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FIGURE 3. - Data from study area 4-isolated panel. 
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FIGURE 4. - Data from study area 8-isolated panel. 
methane concentrat ions were measured a t  the l a s t  inby breakthrough t o  determine 
methane in take  from other  sec t ions ,  main haulway, and the  s h a f t  bottom. Coal 
production was recorded i n  each study area.  
1 RESULTS 1 
Table 1 gives a summary of a l l  pe r t inen t  data from methane emission s tud-  
i e s  i n  the  i s o l a t e d  coal  panel and i n  the two v i r g i n  a reas .  P a r t i c u l a r l y  s i g -  
n i f i c a n t  i s  the trend of methane emission a s  mining progressed i n  the i s o l a t e d  
panel f o r  a d is tance  of 1,800 f t .  Emission increased from 2.1 f t 3  per ton of 
coa l  mined i n  study area  1 t o  14 f t 3  i n  study area  4 (800 f t  from area  1 ) ,  and 
decreased t o  6 f t 3  a t  the  end of the  next 1,000 f t  i n  area  8 .  Undoubtedly, 
the  emission r a t e  would have decreased t o  near ly  zero j u s t  before c u t t i n g  
through t o  the  North airways (add i t iona l  d is tance  of 900 f t ) ,  because bleed- 
o f f  t o  these headings had been i n  progress f o r  3-112 years when the s tud ies  
were made. Cubic f e e t  of methane per ton of coal  mined was chosen a s  the  u n i t  
of degas i f i ca t ion  because i t  i s  use fu l  a s  an ind ica to r  of the low methane 
emission r a t e  of the  i s o l a t e d  panel r e l a t i v e  t o  the  v i r g i n  coal .  
Figures 2 through 4 show the methane emission r a t e s  during a s i n g l e  s h i f t  
f o r  three  p a r t i c u l a r  study a r e a s  and f igure  5 shows the emission r a t e s  for  the 
s i x  s tud ies  within the  i so la ted  coal  panel. 
Figure 6 shows t h a t  the continuous miner operat ing i n  v i r g i n  a rea  2 was 
stopped by the  methane de tec to r  19 times f o r  a t o t a l  of 36 min, due t o  the 
presence of 2 percent  o r  g rea te r  methane concentrat ion approximately 10 f t  
.ahead of the opera tor .  The average emission i n  cubic f e e t  per ton of coal  
mined was 33.8 ( t a b l e  1) , or  3 .7  times g rea te r  than t h a t  from the i so la ted  
panel .  Similar  stoppages of t h e  continuous miner did not  occur i n  study 
a rea  7 (2 South mains) because the coal  production r a t e  was only 88 tons dur- 
ing  the study period.  
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FIGURE 5. - Curve of methane emissions wi th in an isolated panel. 
TABLE 1. - Summary of p e r t i n e n t  d a t a  from methane emission s t u d i e s  i n  t he  i s o l a t e d  
pane l  of c o a l  and i n  two v i r g i n  a r e a s ,  i n  1972 
NOTE.--Each a r e a  was s tud i ed  during one opera t ing  s h i f t .  A i r  volumes i n  both a c t i v e  and i d l e  s p l i t s  were 
combined i n  s tudy  a r e a  1 t o  more c l o s e l y  correspond t o  t h e  t h r e e  headings on t h e  a c t i v e  a i r  s p l i t  




Apr. 13  
May16.  
June 14 
J u l y 2 0  
Sept .  1 
Mar. 22 
Aug. 7. 
' A l l  s tudy a r e a s ,  except  2  and 7,  a r e  i n  t he  i s o l a t e d  pane l ;  s tudy a r e a s  2  and 7 i n  v i r g i n  coa l .  
2 ~ 1 1  study a r e a s  i n  i s o l a t e d  panel  were v e n t i l a t e d  w i th  one s p l i t  of a i r ,  except  a r e a  1 which had two a i r  
s p l i t s  i n  four  headings.  
30pe ra t i ng  a i r  s p l i t - - t w o  s p l i t s  i n  s e c t i o n - - t o t a l  volume 79,000 cfm. 
4 ~ o r i n g - t y p e  cont inuous miner used. Cut c r o s s - s e c t i o n a l  a r e a  of 80 f t 2 .  
5 Operating a i r  sp l i t - - two  s p l i t s  i n  s e c t i o n - - t o t a l  volume 82,000 cfm. 
6 ~ i p p e r - t y p e  continuous miner used.  Cut c r o s s - s e c t i o n a l  a r e a  of 100 £ 9 .  
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FIGURE 6. - Data from study area 2-development in 2 North mains-virgin coal. 
Mining within a major coal  panel i n  the  Pit tsburgh coalbed tha t  had been 
completely i so la ted  f o r  12 months showed a very s ign i f i can t  reduction i n  meth- 
ane emission r a t e  per ton of coal  mined. The average of 9.1 f t 3  i n  a l l  s tud- 
i e s  within the i so la ted  panel i s  to be compared t o  33.8 and 42.2  c f t  obtained 
when mining within the  two v i r g i n  areas .  This corresponds t o  a reduction i n  
methane content of more than 70 percent.  The average coal  production r a t e  i n  
the i so la ted  panel (3  tpm) could have been doubled without exceeding the  
allowable methane content  i n  the  r e t u r n  airway. 
Although the above data appear t o  be adequate t o  assure  the  advantages of 
i s o l a t i n g  a major coal  panel,  and hopefully many or  most of the  coal  companies 
opera t ing i n  the  very gassy Pit tsburgh coalbed w i l l  determine t h e i r  own cos t -  
ef fec t iveness ,  the Bureau plans f u r t h e r  s tudies .  These w i l l  be conducted 
wi th in  p a r t i a l l y  i so la ted  and unisolated panels, and i n  the  development of 
s e t s  of headings t o  i s o l a t e  a major coal  panel. Our object ive  i s  t o  determine 
the  s a f e t y  and cos t -ef fec t iveness  with respect  t o  methane, e spec ia l ly  i n  the  
development of an i so la ted  panel ahead of need and i n  mining four o r  f i v e  b u t t  
headings within the  panel.  Such data  should be valuable for  reaching a deci -  
s ion  by any company operating i n  the  very gassy Pit tsburgh coalbed area .  
CONTROL OF METHANE BY WATER INFUSION 
by 
J. Cervik and A. Cetinbas* 
ABSTRACT 
Tes ts  conducted i n  the  P i t t sbu rgh  coalbed show t h a t  water i n fus ion  i s  an  
e f f e c t i v e  method of c o n t r o l l i n g  methane a t  a c t i v e  faces  of a  s ec t ion .  Methane 
flows have been reduced ranging from 40 t o  80 percent .  The d i r e c t i o n  of t h e  
f ace  c l e a t  with r e spec t  t o  the  d i r e c t i o n  of s e c t i o n  advance i s  an important 
f a c t o r  i n  determining t h e  spacing of ho r i zon ta l  holes  along t h e  width of the  
sec t ion .  No adverse e f f e c t s  on roof o r  f l o o r  have been noted. 
INTRODUCTION 
Water infus ion  o r  waterf looding of coalbeds i n  advance of mining i s  a  
method of c o n t r o l l i n g  methane flows a t  a c t i v e  f ace  areas  during mining. 
Except fo r  one p iece  of equipment, t h e  technique can be appl ied  with t o o l s  and 
equipment normally found i n  an opera t ing  sec t ion .  I n  the  P i t t sbu rgh  coalbed, 
a  block of coa l  measuring about 150 by 500 f t  i n  advance of t he  s e c t i o n  can be 
infused over a  weekend. 
Coalbeds a r e  n a t u r a l l y  f r ac tu redand ,  t he re fo re ,  one can cha rac te r i ze  them 
a s  being made up of f r a c t u r e s  and matr ix  ( so l id  coa l )  . General ly,  t h e r e  a r e  
a t  l e a s t  two s e t s  of v e r t i c a l  f r a c t u r e  systems t h a t  i n t e r s e c t  a t  r i g h t  angles .  
These two f r a c t u r e  systems a r e  r e f e r r e d  t o  a s  the  face  and b u t t  c l e a t s  and 
f  orm an interconnected network throughout the coalbed. 
What p a r t  does t h e  mat r ix  ( s o l i d  coa l )  play i n  t h e  in fus ion  process? The 
matr ix  conta ins  a  pore system t h a t  i s  interconnected.  However, these  pores 
a r e  about  t he  s i z e  of a  methane molecule, which i s  too small t o  permit water 
t o  pass .  Therefore, waterf looding of coalbeds i s  confined t o  the  f r a c t u r e  
system only. 
The f r a c t u r e  dens i ty  of coalbeds,  which i s  defined a s  t h e  number of f r a c -  
t u r e s  per inch o r  per f o o t ,  v a r i e s .  A blocky coa l  such a s  the  P i t t sbu rgh  i s  
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characterized by a f r a c t u r e  spacing of about 1/2 f t .  The f r i a b l e  coals  such 
a s  the Freeport and Pocahontas No. 3 a r e  characterized by a f r a c t u r e  spacing 
of about 1/4 in .  The property of a coalbed t o  transmit  a f l u i d  such a s  water 
i s  due to  the  f rac tu re  systems. 
Methane e x i s t s  kn both the  
f r a c t u r e  system and the  micropore 
s t r u c t u r e  of the  matrix. The bulk 
of t h e  methane i n  coalbeds i s  
s tored i n  the micropore s t ruc tu re .  
The flow of methane from the  micro- 
pore s t r u c t u r e  i s  a slow process 
a s  i s  evident  by the f a c t  tha t  
coal  i s  mined, t ransported t o  the  
surface ,  s tored i n  s i l o s ,  o r  
s tockpiled with subsequent f i r e s  
F lGURE1. -F low in tocoa lbed th roughver t i ca l  a n d e x ~ l o s i o n s *  On the o the rhand ,  
bore ho le. l e s s  than 10 percent of the  t o t a l  
methane content  of a coalbed is  
stored i n  the f rac tu re  system. 
However, flow through the f r a c t u r e  
system i s  a very rapid  mode of 
t ranspor t  and even though a small 
Successive percentage of the  t o t a l  methane 
front content of the coalbed i s  s tored 
the re ,  t h i s  i s  the  source of meth- 
ane t h a t  causes v e n t i l a t i o n  prob- 
lems during mining. The success- 
f u l  appl ica t ion of water infus ion 
FIGURE 2. - Migration of water front through depends t o  a large  extent  upon the  
coa lbed. permeability of the  f r a c t u r e  sys-  
tem of the  coalbed. 
INFUSION OF COALBEDS 
Water infus ion of coalbeds i s  
a f fec ted  b y s e v e r a l f a c t o r s .  Some 
can be control led  and others  can- 
not .  A discussion of these fac-  
t o r s  w i l l  help you t o  v i s u a l i z e  
and understand what happens when 
coalbeds a r e  infused, precautions 
t o  be taken, and the e f f e c t  on 
methane flows within t h e  coalbed. 
Two waterflooding s tudies  con- 
ducted under d i f f e r e n t  conditions 
w i l l  be presented t o  i l l u s t r a t e  
the e f f e c t s  of some of these fac -  FIGURE 3. - Waterflood front of two wells. t o r s  on methane flows a t  face 
a reas  during mining. 
F i g u r e  1 shows w a t e r  b e i n g  pumped down a  w e l l b o r e  and f o r c e d  under  p r e s -  
s u r e  i n t o  a  coa lbed .  The wate r  f low r a t e  w i l l  b e  governed by t h e  w a t e r  p r e s -  
s u r e  i n  t h e  w e l l b o r e  and t h e  f r a c t u r e  p e r m e a b i l i t y  of  t h e  coa lbed .  I n  o r d e r  
t o  s i m p l i f y  t h e  d i s c u s s i o n ,  we c a n  assume t h a t  t h e  p e r m e a b i l i t y  o f  t h e  coa lbed  
i s  c o n s t a n t  and t h e  same i n  a l l  d i r e c t i o n s .  F i g u r e  2 shows a  p l a n  view o f  t h e  
m i g r a t i o n  of  wa te r  through t h e  coa lbed  under  t h e  assumed c o n d i t i o n s .  The 
w a t e r  moves away from t h e  w e l l b o r e  un i fo rmly  i n  a l l  d i r e c t i o n s .  The c i r c l e s  
i n  f i g u r e  2 show t h e  s u c e s s i v e  p o s i t i o n s  of t h e  w a t e r f r o n t  w i t h  t ime.  A s  
w a t e r  moves through t h e  f r a c t u r e  sys tem,  i t  d i s p l a c e s  t h e  methane ahead of i t .  
F i g u r e  3 shows a  coa lbed  b e i n g  f looded  by two w e l l s  s e p a r a t e d  by a  d i s -  
t a n c e ,  d .  The f l o o d  f r o n t s  from each w e l l  w i l l  e v e n t u a l l y  merge and c o n t i n u e  
a s  one o v a l  f r o n t .  I f  t h r e e  o r  more w e l l s  a r e  u s e d ,  t h e  r e s u l t i n g  f l o o d  f r o n t  
w i l l  become o v a l  shaped. 
The p reced ing  d i s c u s s i o n  i s  a l s o  a p p l i c a b l e  t o  h o r i z o n t a l  h o l e s  d r i l l e d  
underground i n t o  coa lbeds  p rov id ing  t h e  i n f u s i o n  o f  t h e  coa lbed  i s  from a  
smal l  segment a t  t h e  back p a r t  o f  t h e  h o l e .  This  c o n d i t i o n  c a n  b e  met by f i l l -  
i n g  t h e  h o r i z o n t a l  h o l e  w i t h  i n f l a t a b l e  packers  ( f i g .  4 ) .  I f  t o o  few packers  
a r e  u s e d ,  t h e  w a t e r  t e n d s  t o  s h o r t  c i r c u i t  a l o n g  t h e  h o l e  i n s t e a d  o f  p e n e t r a t -  
i n g  i n t o  t h e  coa lbed .  Good r e s u l t s  a r e  ob ta ined  when 5 - f t  packers  a r e  con- 
n e c t e d  w i t h  j o i n t s  of  5 - f t  p ipes .3  
Packers 
Infusion segment 
FIGURE 4. - Packed hole for waterflooding. 
S C e t i n b a s ,  Abdurrahman, R. P. Vinson, Joseph C e r v i k ,  and M. G .  Zabe tak i s .  
Methane and Dust C o n t r o l  by Water I n f u s i o n .  P i t t s b u r g h  Coalbed (Fa i rv iew,  
W .  Va. ) .  BuMines R I  7640, 1972, 17 pp .  
A t y p i c a l  s e c t i o n  advancing i n t o  v i r g i n  c o a l  may be about 500 f t  wide. 
I n  o rde r  t o  reduce methane flows through t h e  f aces  of  t he  s e c t i o n ,  a  cont inu-  
ous waterbank must be emplaced which spans the  width of t h e  sec t ion .  The 
waterbank behaves l i k e  a  b a r r i e r  and prevents  methane from flowing toward t h e  
f aces  of t he  s e c t i o n .  Rather ,  i t  i s  d i r e c t e d  around the  water  infus2d zone 
and e n t e r s  t he  mine opening through the  r i b s  outby the  f ace  a r e a s  of t h e  
sec t ion .  
The emplacement of a  waterbank ac ros s  t h e  s e c t i o n  r e q u i r e s  two o r  more 
h o r i z o n t a l  ho le s .  The number depends upon the  length  of t h e  holes .  General ly ,  
h o r i z o n t a l  ho le s  100 t o  150 f t  i n  length  can be d r i l l e d  us ing  t h e  hand-held 
equipment used underground. I n  some cases ,  e n t r i e s  a r e  advanced i n  about 
100-f t  increments.  I n t e g r a t i n g  a  d r i l l i n g  and in fus ion  phase us ing  100-f t  
ho le s  i n t o  a  mining cyc le  then p re sen t s  no s p e c i a l  problems. 
I n  f i g u r e  5 i s  shown a schematic of t h e  in fus ion  of a  coalbed us ing  a  
packed h o r i z o n t a l  hole .  Successive s t a g e s  of migra t ion  of t h e  f lood f r o n t  a r e  
shown and when t h e  f r o n t  f i r s t  reaches t h e  mine opening, water  begins flowing 
from t h e  f a c e  and r i b s .  A t  t h i s  t i m e  t he  diameter of t he  flooded reg ion  i s  
about  200 f t .  Fu r the r  i n fus ion  of t h e  coalbed w i l l  expand t h e  water  in fused  
zone a s  w e l l  a s  i nc rease  the  flow of water  i n t o  the  mine opening. I f  water  
d e t e r i o r a t e s  t he  f l o o r ,  i n fus ion  should be terminated when the  f lood f r o n t  f i r s t  
reaches  the  mine opening or  pumping f a c i l i t i e s  shouldbeprovided  t o  d ispose  of 
t h e  water. 
The second ho le  should be d r i l l e d  140 t o  170 f t  from t h e  hole  shown i n  
f i g u r e  5. The f lood  p a t t e r n s  of each ho le  w i l l  merge s i m i l a r  t o  those shown 
i n  t h e  schematic i n  f i g u r e  3 when breakthrough occurs .  This procedure i s  
repea ted  wi th  a d d i t i o n a l  ho les  t o  produce a  cont inuous waterbank ac ros s  t he  
sec t ion .  
There i s  no p re fe r r ed  
sequence of i n fus ing  h o r i z o n t a l  
Successive f load ho le s .  They may be infused 
fronts simultaneously o r  i n  sequence 
a s  they a r e  d r i l l e d .  The 
important a spec t  of t he  process  
i s  t o  leave  no p a r t i a l l y  
Pocked hole flooded o r  unflooded reg ions  
where methane can funnel  
through t o  t h e  mine opening. 
I n  r e a l i t y ,  coalbeds such 
I I a s  t he  P i t t sbu rgh  e x h i b i t  s t rong  d i r e c t i o n a l  permeabil i -  
1r t i e s .  For example, the  f a c e  c l e a t  permeabi l i ty  i n  t h e  
P i t t sbu rgh  coalbed i s  about 
FIGURE 5. - Water infusion of coalbed using a  10 times g r e a t e r  than t h e  b u t t  
horizontal hole. c l e a t  permeabi l i ty .  This  d i f -  
fe rence  i n  permeabil i ty  a f f e c t s  
direction 
direction 
FIGURE 6. - E l l i p t i ca l  flood fronts for face cleat 
perpend icu lor to  sect ion advance 
direct ion. 
Elliptical flood 
fronts f Face cleat d i rection 
* Butt cleat 
Packed hole direction 
Section advance 1 direction 
FIGURE 7. - E l l  ip t ica l  f lood fronts for face cleat 
para I le l  to  section advance direction. 
Gas flow 
direction t Face 
-Butt cleat 
direction 
Section advance 1 direction 
t h e  shape of  t h e  water  
i n fu sed  zone. The mine 
opening, which i s  about  100 
f t  from t h e  i n f u s i o n  segment 
of  t h e  h o r i z o n t a l  h o l e ,  has  
i t s  e f f e c t  on t h e  shape of  
t h e  i n fu sed  zone a s  w e l l  a s  
on t h e  g a s  p r e s s u r e  i n  t h e  
coa lbed ,  which i n c r e a s e s  
w i th  d i s t a n c e  from t h e  mine 
opening. The e f f e c t  of 
t h e s e  f a c t o r s  w i l l  be  d i s -  
cussed b r i e f l y  i n  t h e  suc-  
ceeding paragraphs.  
D i r e c t i o n a l  P e r m e a b i l i t i e s  
When t h e  pe rmeab i l i t y  
of t h e  b u t t  c l e a t  i s  appre-  
c i a b l y  d i f f e r e n t  from t h a t  
of t h e  f a c e  c l e a t ,  t h e  suc-  
c e s s i v e  s t a g e s  of t h e  wate r -  
f lood  f r o n t  do n o t  have t h e  
c i r c u l a r  shape shown i n  f i g -  
u r e  5,  b u t  w i l l  be  d i s t o r t e d  
i n t o  a n  e l l i p t i c a l  shape. 
I n  t h e  c a s e  of t h e  P i t t s -  
burgh coa lbed ,  water  w i l l  
m ig ra t e  f a s t e r  a long t h e  
f a c e  c l e a t  than  i t  does 
a long  t h e  b u t t  c l e a t .  
I n  f i g u r e  6 i s  shown a  
schematic  f o r  t h e  c a s e  where 
t h e  more permeable f a c e  
c l e a t  i s  perpendicu la r  t o  
t h e  d i r e c t i o n  of  advance of 
t h e  s e c t i o n .  This  i s  a n  
i d e a l  s i t u a t i o n  because t h e  
water  t ends  t o  run  a c r o s s  
t h e  s e c t i o n .  Four e q u a l l y  
spaced h o l e s  a c r o s s  a  500- f t  
FIGURE 8. - Waterflooded section for face cleat s e c t i o n  w i l l  emplace a  wate r -  
bank f r e e  of unflooded o r  
parallel to  section advance p a r t i a l l y  f looded r eg ions .  
d irect ion. 
I f  t h e  f a c e  c l e a t  i s  i n  
t h e  d i r e c t i o n  of advance of t h e  s e c t i o n ,  t h e  succes s ive  s t a g e s  of t h e  f l o o d  
f r o n t  a r e  shown schemat ica l ly  i n  f i g u r e  7.  Note t h a t  t h e  d i s t a n c e o f m i g r a t i o n  
o f t h e  f lood  f r o n t  a t  breakthrough i s  much l e s s  a c r o s s  than i n  the  d i r e c t i o n  of 
advance of t h e  s e c t i o n .  D r i l l i n g  and i n fus ing  fou r  ho l e s  a c r o s s  a  500- f t  
sect ion may r e s u l t  i n  an infused 
Face cleat zone shown schematically i n  
direct ion f igure  8. Zones e x i s t  between 
holes t ha t  may not have been swept - Butt cleat by water. These zones permit meth- 
direction ane to  bleed through t o  the faces 
Formation of of the sect ion,  and thereby reduce 
the effectiveness of the blocking 
act ion of water. 
Effect  of Mine Opening 
The c lose  proximity of the 
infusion segment of the horizontal  
FIGURE 9. - Cusping of flood front. hole t o  the mine opening a f f ec t s  
the shape of the  flood f ron t ,  
although the e f f ec t  i s  not a s  
c r i t i c a l  fo r  the case shown i n  f igure  6 a s  i t  is for  the  case shown i n  f i g -  
ure  8.  As the flood f ront  migrates toward the mine opening, the e l l i p t i c a l  
shape i s  d i s to r ted ,  t h i s  d i s t o r t i on  i s  ca l led ~ u s p i n g . ~  Figure 9 shows the 
cusping of successive stages of the flood f ront  as  i t  t rave l s  toward the 
mine opening. This e f f ec t  causes premature breakthrough of the waterfront and 
a corresponding decrease i n  l a t e r a l  migration. 
Effect  of Gas Pressure i n  Coalbed 
Gas pressure increases with distance i n to  the coalbed. Therefore during 
waterflooding operation, the flood f ron t  fu r thes t  from the mine opening expe- 
r iences  a g rea te r  res is tance to flow than tha t  c loser  t o  the  mine opening. 
Because of the  low gas pressure i n  the Pittsburgh coalbed a t  a depth of 100 f t  
( l e s s  than 30 ps ig) ,  d i s t o r t i on  of the  flood f ron t  due t o  gas pressure i s  not 
expected to  be a s  pronounced a s  the e f f ec t s  of the  mine opening o r  d i rect ional  
permeabil i t ies.  However, i n  other coalbeds such a s  the Pocahontas No. 3' 
where a gas pressure of about 600 psig ex i s t s  a t  a depth of 100 f t  i n to  coal ,  
t h i s  e f f ec t  could be as  important a s  the mine opening or d i rec t iona l  permeabil- 
i t i e s  e f fec t s .  
CASE STUDIES I N  THE PITTSBURGH COALBED 
Two case studies were conducted i n  the Pittsburgh coalbed under similar  
conditions. The difference between the two t e s t s  was the  d i rec t ion  of the 
more permeable face c l e a t  with respect  to the d i rec t ion  of section advance. 
Figure 10 shows a schematic of a t e s t  section.  The sect ion i n  both cases 
was about 500 f t  wide and i n  the  f i r s t  case a s ix-entry  system was being 
driven and nine i n  the second case. Both used a s p l i t  system of ven t i l a t ion .  
4Muskat, M. Flow of Homogeneous Fluids Through Porous Media. J. W. Edwards, 
Inc . ,  Ann Arbor, Mich., 1 s t  ed . ,  1946, pp. 468-472. 
 i is sell, F. N . ,  and R. J. Biel icki .  An In  S i tu  Diffusion Parameter for  the  
Pit tsburgh and Pocahontas No. 3 Coalbeds. BuMines R I  7668, 1972, p. 3. 
0 4  Four h o r i z o n t a l  h o l e s ,  about 
125 f t  deep, were d r i l l e d  
ac ros s  the  s e c t i o n ;  one i n  
each ou t s ide  r e t u r n ,  and two 
o t h e r s  spaced ac ros s  t h e  
i n s i d e  e n t r i e s .  Each ho le  
Noginby was angled a few degrees o f f  
t h e  pro jec ted  development of 
t h e  e n t r y  and infused wi th  
about 8,000 g a l  of water  a t  
p ressures  ranging from 275 
t o  410 ps ig .  
Methane record ing  i n s t r u -  
ments were s e t  up i n  t he  
immediate r e t u r n s .  These 
instruments  a r e  r e f e r r e d  t o  
a s  t he  inby instruments  and 
t h e i r  sum gives  the  t o t a l  
Y methane flow r a t e  from the  
f aces  of t h e  sec t ion .  Two 
o t h e r  s e t s  of instruments  
were s e t  up i n  t he  r e t u r n s  
about  600 f t  outby the  f aces  
of  t he  s e c t i o n  and these  
instruments  a r e  r e f e r r e d  t o  
a s  the outby instruments .  
----.c Intake air The sum of t he  two outby - Return air =Mined before infusion 
Curtoin stopping Z M i n e d  after infusion 
instruments  gave the  t o t a l  
fi Permanent stopping methane flow r a t e  from t h e  
100 
OF faces  of the  s e c t i o n  and the  
Scale, f t  two ou t s ide  r i b s .  The d i f -  
FIGURE 10. - Location of horizontal holes, monitoring fe rence  between outby and 
stations, and ventilation ~ l a n .  inby methane flow r a t e s  
i s  the  flow r a t e  of 
methane through the  two ou t s ide  r i b s  of the  sec t ion .  
The f i r s t  t e s t  was conducted i n  a s e c t i o n  where the  more permeable f a c e  
c l e a t  was a t  r i g h t  angles  t o  the  d i r e c t i o n  of  s e c t i o n  advance. Refer r ing  t o  
f i g u r e  7, t h i s  i s  an  i d e a l  cond i t i on  because water tends t o  run  a c r o s s  t h e  
s e c t i o n  f a s t e r  than  toward the  mine opening. A continuous waterbank i s  
emplaced ac ros s  t he  s e c t i o n  and no zones e x i s t  where methane can funnel  
through. Figure 11 shows t h e  e f f e c t  of t he  waterbank on methane flows a t  the  
f ace  a r e a s  during mining. 
The methane flow r a t e  from the  faces  of the  s e c t i o n  ( inby curve) averaged 
132 cfm before  i n fus ion  and 28 cfm a f t e r  in fus ion .  The average flow r a t e  was 
thus  reduced approximately 79 percent .  The average methane flow r a t e  a t  the 
outby s t a t i o n s  decreased from 243 before  i n fus ion  t o  166 c h  a f t e r  i n fus ion ,  a 
decrease  of about 32 percent .  
TIME, days 
FIGURE 11. - Total methane flow rates from s t u d y  area where face cleat direction is perpendic- 
ular to section advance direction. 
The d i f f e r e n c e  i n  methane flow r a t e s  between outby and inby s t a t i o n s  
r e p r e s e n t s  the  q u a n t i t y  of methane e n t e r i n g  the  mine opening through t h e  two 
o u t s i d e  r i b s .  Before i n fus ion ,  111 c£m i s  e n t e r i n g  through the  r i b s .  Af t e r  
i n fus ion ,  138 cfm i s  en t e r ing  through t h e  r i b s  which r ep re sen t s  a  24-percent 
i nc rease .  These d a t a  show t h a t  t he  emplaced water i s  d i v e r t i n g  methane from 
the  f ace  a r e a s  of t he  s e c t i o n  t o  t he  ou t s ide  r i b s .  
The second t e s t  was conducted i n  a  s e c t i o n  advancing p a r a l l e l  t o  t h e  more 
permeable f a c e  c l e a t .  Referr ing t o  f i g u r e  8,  t he  infused water tends t o  run 
i n  t h e  d i r e c t i o n  of s e c t i o n  advance f a s t e r  than  ac ros s  t h e  sec t ion .  Conse- 
quent ly ,  zones may e x i s t  between ho le s  which have n o t  been f i l l e d  wi th  water .  
These zones permit methane t o  funnel  through t o  t he  f aces  of t h e  s e c t i o n .  
F igure  12 shows t h e  r e s u l t s  of t h e  infused water  on methane flows f o r  t h i s  
case.  
TIME, days 
FIGURE 12. - Total methane flow rates f rom s t u d y  area where face cleat direction is parallel 
to section advance direction. 
The average methane flow r a t e  from the immediate face areas  of the sec- 
t ion  (inby curve) before infusion i s  265 and 165 c£m a f t e r  infusion.  This 
represents a 38 percent reduction i n  methane flow r a t e .  A t  t h e  outby s t a t i ons ,  
the methane flow r a t e  dropped from 306 cfm before infusion t o  208 cfm a f t e r  
infusion and represents a 32-percent reduction. The di f ference i n  flow r a t e  
between outby and inby curves before infusion i s  41 and 43 cfm, respect ively ,  
a f t e r  infusion. These differences a r e  not  s ign i f i can t  and indicate  t ha t  meth- 
ane i s  not  being diverted from the face areas  t o  the outs ide  r i b s .  
To improve the effect iveness  of water infusion i n  the second case,  two 
a l t e rna t i ve s  can be followed. F i r s t ,  hole depth can be increased t o  about 
200 f t .  The infused water would tend to  migrate fu r the r  across the sect ion 
before breakthrough occurs when compared with the case using shor ter  holes. 
Secondly, hole depth would remain the same, but the number of holes d r i l l e d  
across the sect ion would be increased t o  s ix .  Each of these a l t e rna t ives  
tends t o  produce a continuous waterbank across the section.  
Mining Through an Infusion Hole 
After  infusion has been terminated, the i n f l a t ab l e  packers a r e  removed 
and the hole i s  plugged a t  the co l l a r  t o  prevent infused water from draining 
out. In tercept ing a water infusion hole during the mining of a crosscut  does 
not c r ea t e  an unsafe condit ion because flow from the hole i s  water. Mining 
i n to  a water infusion hole, although not  expected t o  c rea te  unsafe condit ions,  
i s  avoided by d r i l l i n g  a l l  holes 5 t o  10 degrees off  the projected development 
of the ent ry .  
E f f e c t  of Water on Roof and F loo r  S t r a t a  
A c o n s i s t e n t  argument heard  throughout  t h e  c o a l  i n d u s t r y  i s  t h a t  i n f u s i n g  
wa t e r  i n t o  a  coa lbed  cause s  r oo f  and f l o o r  problems. However, t h e r e  a r e  a rgu -  
ments t o  show t h a t  t h i s  i s  n o t  t h e  c a s e .  
Exper ience has  shown t h a t  accumulat ions  of wa t e r  on a  s o f t  bottom does 
c r e a t e  hau lage  problems. Accumulation of wate r  occurs  du r ing  t h e  d r i l l i n g  of 
h o r i z o n t a l  h o l e s ,  when t h e  f l ood  f r o n t  b reaks  through a t  t h e  f a c e  and r i b s ,  
and from t h e  sp r ay  system of t h e  miner.  However, t h e  e f f e c t s  of wa t e r  on a  
s o f t  bottom from t h e s e  sou rce s  c an  be minimized by channe l ing  t h e  w a t e r ,  
i n s t a l l i n g  pumps,and d i spos ing  of t h e  wate r  b e f o r e  l a r g e  accumulat ions  occur .  
Most coa lbeds  c o n t a i n  i n h e r e n t  wa t e r  t h a t  i s  s t o r e d  i n  t h e  f r a c t u r e  sy s -  
tem. Hor i zon t a l  ho l e s  d r i l l e d  400 t o  500 f t  i n  advance of mining produce 
wa t e r  a t  p e r s i s t e n t  r a t e s  o f  700 t o  900 gpd i n  t h e  P i t t s b u r g h  coalbed.  These 
f lows a r e  observed even i n  s e c t i o n s  t h a t  a r e  cons idered  "dry."  V e r t i c a l  bore -  
h o l e s  d r i l l e d  i n t o  v i r g i n  c o a l  i n  coa lbeds  throughout  t h e  United S t a t e s  must 
have wate r  pumps i n s t a l l e d  t o  c l e a r  t h e  we l l bo re s  o f  wa t e r  i n  o rde r  t o  main- 
t a i n  gas  p roduc t ion .  There fore ,  j u s t  a s  methane i s  normal ly  a s s o c i a t e d  w i th  
c o a l ,  one can  add wa t e r  t o  t h e  s y s  tem. 
Because wate r  does n o t  w e t  c o a l  and g r a v i t y ,  wa t e r  i s  assumed t o  be  i n  
t h e  bottom p a r t  of t h e  coa lbed .  Observa t ions  show t h a t  t h e  bottom 1 f t  of 
c o a l  a long  a n  o u t s i d e  e n t r y  i s  wet and t h e  remainder o f  t h e  c o a l  i s  g e n e r a l l y  
d ry .  I f  t h e  bottom i s  i n  c o n t a c t  w i t h  i n h e r e n t  w a t e r ,  i n f u s i o n  of  wa t e r  i n t o  
a  coa lbed  does n o t  c r e a t e  c o n d i t i o n s  t h a t  have n o t  e x i s t e d  f o r  age s .  There- 
f o r e ,  t h e r e  i s  doubt t h a t  wa te r  i n f u s i o n  w i l l  a f f e c t  even a  s o f t  bottom. 
The exposure  of r oo f  r ock  t o  wate r  dur ing  i n f u s i o n  i s  n o t  expected t o  
produce any e f f e c t  t h a t  would weaken and cause  roo f  f a i l u r e s .  The roof  i s  i n  
c o n t a c t  w i th  t h e  i n fu sed  wa t e r  only where f r a c t u r e s  i n  t h e  coalbed t e rmina t e  
a t  t h e  r o o f .  F r a c t u r e  wid ths  i n  coa lbeds  range  from perhaps  1116-in  t o  h a i r -  
l i n e  c r acks .  For a  blocky type  c o a l  such a s  t h e  P i t t s b u r g h ,  t h e  a r e a  o f  wate r  
c o n t a c t  w i th  t h e  roof  i s  small i n  comparison t o  t h e  a r e a l  e x t e n t  of t h e  
i n fu sed  zone. 
I n  some i n s t a n c e s ,  p a r t i n g  occurs  a long  t h e  coa lbed- roof  i n t e r f a c e .  I n  
t h i s  c a s e  wate r  wets  t h e  roo f  complete ly .  However, t h i s  p a r t i n g  e x i s t s  around 
t h e  mine opening and probably does  n o t  extend beyond 10 t o  15 f t  i n t o  t h e  
coalbed.  
No roo f  o r  f l o o r  problems have been observed due t o  wate r  i n f u s i o n .  I n  
one c a s e  hau lage  was a f f e c t e d  i n  a n  a r e a  where d r i l l  wa te r  and breakthrough 
wa t e r  accumulated and was absorbed i n  t h e  bottom. However, t h e r e  a r e  means of 
avo id ing  t h i s  s i t u a t i o n .  
INFUSION I N  DEEP COALBEDS (1,500 TO 2,000 FT) 
I n f u s i o n  p r e s s u r e s  i n  t h e  P i t t s b u r g h  coalbed range  from about  275 t o  410 
p s i g  and i n f u s i o n  r a t e s  range  from 8 t o  20 gpm. I n  o t h e r  coa lbeds  s u c h a s  t h e  
Hydrofracing i s  a  process whereby the pressure  i n  the  wellbore i s  r a i s e d  
very  r a p i d l y  u n t i l  the formation f r a c t u r e s .  When t h i s  occurs there  i s  an 











A hydrofrac experiment was attempted t o  determine i f  a  zone of reduced 
permeabil i ty  surrounds ho r i zon ta l  holes  d r i l l e d  i n t o  the  coalbed. A 1 - i n  pipe 
was g r ~ u t e d  t o  a  depth of 195 f t  i n  a  200-f t  hole .  The gas flow r a t e  from the  
5 f t  of open hole was 300 c fd .  
- Pocahontas No. 3 ,  gas p res -  
su re  a t  a  depth of 100 f t  i s  
about 600 p s i .  Consequently, 
i n fus ion  pressures  i n  excess 
of 600 p s i  a r e  requi red .  
- - There a r e ,  however, o the r  
p r o b l e m s a s s o c i a t e d w i t h  
deep, f r i a b l e  type coalbeds 
t h a t  need t o  be solved 
- before  water i n fus ion  can be - 
success fu l ly  appl ied .  
Bureau t e s t s  conducted i n  
t h e  Pocahontas No. 3 coalbed 
showed t h a t  water infus ion  
- r a t e s  a t  1,200 p s i  i n fus ion  
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gpm, which i s  too low t o  
i n t e g r a t e  t h e  in fus ion  phase 
i n t o  the  mining cyc le .  
There a r e  poss ib ly  two 
reasons f o r  the  low in fus ion  
r a t e s  i n  the  Pocahontas 
No. 3 coalbed. F i r s t ,  t h e  
permeabi l i ty  of the  coalbed 
i s  extremely low i n  which 
case  the re  i s  not  much one 
can do t o  improve the  i n f u s i -  
b i l i t y  of t h e  coalbed. 
Secondly, because of the  
f r i a b l e  na tu re  of t h e  c o a l  
and overburden pressures ,  
the  coa l  surrounding a h o r i -  
zon ta l  ho le  becomes imperme- 
0 10 20 30 40 a b l e  or  s u f f e r s  a  p a r t i a l  
TIME, min l o s s  of permeabil i ty .  Under 
these  condi t ions ,  gas flow 
FIGURE 13. - H~drofrac of horizontal hole. out  of t he  hole  and in fus ion  
of water i n t o  the  coalbed 
a r e  inh ib i t ed .  I n  the  o i l  
i ndus t ry ,  t h i s  e f f e c t  i s  c a l l e d  borehole damage and i n  some cases  a  hydro- 
f r a c i n g  process i s  used t o  increase  the  permeabil i ty  of the  damaged zone. 
Figure  13 shows the  p re s su re  h i s t o r y  i n  t he  ho le  during the t e s t .  The 
w a t e r l i n e s  and h o l e  were i n i t i a l l y  f i l l e d  wi th  water .  Then t h e  water  p r e s su re  
i n  t h e  h o l e  was r a i s e d  ve ry  r a p i d l y .  F rac tu r ing  occurred a t  about 1,200 p s i  
followed by an  ab rup t  drop i n  water  p r e s su re .  A secondary f r a c t u r e  occurred 
s h o r t l y  a f t e rwards .  Water flow r a t e  i n t o  t h e  coalbed a f t e r  t h e  f r a c  t reatment  
was 15 gpm which was t h e  maximum capac i ty  of t h e  pump. Gas flow monitored 
from t h i s  ho l e  about 1 month l a t e r  was 13,000 c fd .  Both water  i n fus ion  and 
gas flow r a t e s  were improved. 
CONC LU S ION 
Waterflooding i s  an  e f f e c t i v e  method of c o n t r o l l i n g  methane a t  a c t i v e  
f a c e  a r e a s  and thereby improving t h e  s a f e t y  cond i t i ons  i n  a n  opera t ing  s e c t i o n .  
We have at tempted t o  p re sen t  t h e  mechanics of water i n f u s i o n  i n  a  s i m p l i f i e d  
f a sh ion  so  t h a t  those  a s soc i a t ed  w i th  product ion of coa l  and no t  n e c e s s a r i l y  
f a m i l i a r  w i t h  f l u i d  dynamics might have a  b e t t e r  understanding of t h e  process .  
I hope t h a t  t h i s  p r e s e n t a t i o n  w i l l  be  h e l p f u l  i n  diagnosing and so lv ing  prob- 
lems a s s o c i a t e d  w i th  t he  a p p l i c a t i o n  of t h i s  technique by mine personnel .  
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ABSTRACT 
T h i r t y - f i v e  boreholes  have been d r i l l e d  i n t o  longwall  pane ls  and conven- 
t i o n a l  p i l l a r  s e c t i o n s  of t h e  Bethlehem Mines Corp . ' s  mines Nos. 32 and 33 
ope ra t i ng  i n  t h e  Lower K i t t a n n i n g  seam near  Ebensburg, Pa. These have been 
found u s e f u l  i n  reducing t h e  methane i n  t he  r e t u r n s  and now handle  up t o  
8 0  pe rcen t  of the  methane from p i l l a r e d  a r e a s .  As expec ted ,  mining r a t e s  have 
i nc r ea sed  i n  t he se  mines. 
INTRODUCTION 
Bethlehem Mines Corp. ,  Cambria D iv i s ion ,  i s  l oca t ed  i n  Cambria County, 
P a . ,  near  Ebensburg. Mines Nos. 32 and 33 a r e  ope ra t i ng  i n  t h e  Lower K i t t a n -  
n ing  o r  "B" seam and a r e  mining down t h e  west f l a n k  of t h e  Wilmore sync l i ne .  
The lower coa l  measures i n  t h i s  a r e a  a r e  a l l  gassy  and t h e  cover  over t h e  B 
seam v a r i e s  from 500 t o  1,000 f t .  
The immediate over ly ing  s t r a t a  i s  of t h e  Pennsylvanian age and c o n s i s t s  
of carbonaceous s h a l e s ,  a r g i l l a c e o u s  carbonaceous sands tones ,  c o a l s ,  and some 
a r g i l l a c e o u s  l imes tones .  S tud i e s  have shown t h a t  methane can be drawn from 
t h e  upper coa l  seams: The Upper F reepo r t  (E) ,  Lower F reepo r t  (D), Upper 
K i t  tanning (C ' ) , and Middle K i  t t ann ing  (C) . 
Mine No. 33 was opened i n  September 1964 by d r i v i n g  a  s l o p e  on a  30- 
pe rcen t  grade 2,700 f t  t o  t h e  B seam. V e n t i l a t i o n  was e s t a b l i s h e d  w i th  a  
r e t u r n  s h a f t  and then  e n t r i e s  were d r i v e n  t o  t h e  Cambria P o r t a l  s h a f t  f o r  
a d d i t i o n a l  i n t a k e  a i r .  Small q u a n t i t i e s  of methane were encountered dur ing  
e n t r y  development and averaged approximately 500,000 c f d .  Three exhaus t  f ans  
p r e s e n t l y  handle  t h e  v e n t i l a t i o n  requirements  of  t h e  mine, d i scharg ing  a  t o t a l  
of approximately 900,000 cfm. 
The f i r s t  p i l l a r  e x t r a c t i o n  began i n  December 1966 and methane l i b e r a t i o n  
i nc r ea sed  t o  approximately 2  m i l l i o n  c f d  2 months a f t e r  p i l l a r i n g  had s t a r t e d .  
A f t e r  4  months of p i l l a r i n g  i n  two headings,  methane l i b e r a t i o n  reached a  h igh  
lGene ra l  Super in tendent ,  Cambria Div is ion ,  Bethlehem Mines Corp. ,  Ebensburg, 
Pa. 
of 3,380,000 c fd .  This s u b s t a n t i a t e d  t h a t  t h e  f r a c t u r i n g  and caving of t h e  
upper s t r a t a  was l i b e r a t i n g  l a r g e  volumes of methane i n t o  t h e  mine. 
F i r s t  mining i n  t h i s  seam was known t o  be ve ry  c o s t l y  because of ex ten-  
s i v e  roof  p re s su re s  and high cav ing ,  and t h e  p o s s i b i l i t y  of l im i t ed  p i l l a r  
product ion because of l a r g e  q u a n t i t i e s  of l i b e r a t e d  methane i n  t he  mine made 
necessary  a d e t a i l e d  s tudy of t he  mining p r o j e c t i o n s  and tonnage requirements .  
This s tudy i n i t i a l l y  cen te red  around v e n t i l a t i o n ,  power requi rements ,  and a i r  
s h a f t  l o c a t i o n s  s i n c e  l a r g e r  q u a n t i t i e s  of a i r  would be needed a s  mining 
progressed .  
METHANE CONTROL 
The s tudy  of t h e  methane problem a t  mine No. 33 was s t a r t e d  i n  January 
1968. We found t h a t  t h e r e  was an apparen t  c o r r e l a t i o n  between the  methane 
l i b e r a t i o n  r a t e  from p i l l a r e d  a r e a s  and t h e  coa l  product ion r a t e  and gob a r e a  
exposed during mining. This s tudy a l s o  showed t h a t  exhaust ing t h i s  methane 
through t h e  mine v e n t i l a t i o n  system would be very  c o s t l y  because of t h e  need 
f o r  a d d i t i o n a l  s h a f t  i n s t a l l a t i o n s ,  airway maintenance, and increased  quan t i -  
t i e s  of a i r .  
On March 28, 1968, t h e  U.S. Bureau of  Mines, P i t t sbu rgh  Mining Research 
Center ,  contac ted  u s  and proposed a s tudy a t  mine No. 33 a s  fo l lows:  
1. An a n a l y s i s  of c u t t i n g s  from a churn d r i l l  ho le  would be made with a 
log  of t he  s t r a t a .  Samples would be taken on 5 - f t  i n t e r v a l s ,  s t a r t i n g  a t  t h e  
Lower Freepor t  D c o a l  and inc luding  a l l  coa l  formations below t h i s  t o  t h e  
B c o a l .  
2. These d a t a  would be used t o  determine an approach t o  be used i n  t h i s  
mine. 
Three ho les  were subsequent ly  d r i l l e d  i n  February 1971--one 95 f t  h o r i -  
z o n t a l l y  i n t o  t h e  seam, one 38 f t  a t  39 degrees up from t h e  h o r i z o n t a l ,  and 
one 33 f t  v e r t i c a l .  P re s su re  measurements made a t  va r ious  l oca t ions  i n  t he  
ho les  showed low gas p re s su re s  w i th  minimal flows. These s t u d i e s  by t h e  
Bureau s u b s t a n t i a t e d  our f i nd ings  t h a t  t h e  methane i s  contained i n  over ly ing  
s t r a t a  which has  a h igh  po ros i t y  b u t  low permeabi l i ty .  The methane i s  s t o r e d  
i n  t h e  rock and t h e  r e s u l t a n t  exposure of s u r f a c e  a r ea  from caving provides  a 
means f o r  t he  methane t o  be l i b e r a t e d  i n t o  t h e  mine. 
A t  t h i s  t ime,  we were a l s o  concerned about t h e  concent ra ted  p i l l a r  ton- 
nages being planned f o r  our f i r s t  longwall  f ace  and decided t o  d r i l l  a d r a i n -  
age borehole  from t h e  su r f ace  i n t o  t h e  s o l i d  c o a l  near  t he  c e n t e r  of t h e  
longwall  f ace .  A r o t a r y  a i r  d r i l l  was used t o  s t a r t  t h i s  ho le  on March 19,  
1968. This borehole  (No. 1) was d r i l l e d  594 f t  i n t o  t h e  B seam and reamed t o  
a 12 - in  d iameter .  An 8 - i n  ca s ing  wi th  t h e  two bottom j o i n t s  s l o t t e d  was s e t  
i n  t h e  h o l e ,  and t h e  bottom of t h e  p ipe  stopped a t  t he  C seam approximately 
29 f t  above the  B c o a l .  The ho le  was packed o f f  above t h e  upper s l o t s  and 
then  grouted .  
The hole  was approximately 675 f t  ahead of the  longwall face  when com- 
p l e t e d ,  and a  170-cfm vacuum pump was i n s t a l l e d  on the  sur face .  T r i a l  runs of 
t h i s  pump i n  the  s o l i d  produced approximately 250 cfd  a t  80 t o  90 percent  
methane before  flow would s top  a t  a  vacuum of 20 i n  of mercury. 
The longwall f ace  c u t  i n t o  the  borehole on June 18 and the  pump operated 
a t  f u l l  flow with a  vacuum of 1 i n  of mercury; methane was not  present  i n  t h e  
pump exhaust .  On the  following day, June 19, the  f ace  had advanced 16 f t  
beyond the  hole  and the  exhaust gas was found t o  conta in  methane. Continuous 
pumping f o r  1 month averaged 150 cfm or  approximately 210,000 cfd  a t  89.5 per -  
cen t  methane; t h i s  procedure was used t o  remove 4 .8  m i l l i o n  f t 3  of methane 
from the  mine (average: 172,000 c f d ) .  A t  t h i s  po in t ,  we decided t o  t r y  a  
l a r g e r  pump of the  same design capable of de l ive r ing  700 cfm and pumping was 
stopped t o  make the  changeover. I n t e r e s t i n g l y ,  we discovered the hole  devel-  
oped a n a t u r a l  flow of 215,000 cfd  of methane, i nd ica t ing  the  smaller  pump had 
a c t u a l l y  r e s t r i c t e d  flow from the  hole.  The l a r g e r  pump was put  i n t o  opera- 
t i o n  and evacuated an average of 335,000 cfd  of methane fo r  4 months o r  35.8 
m i l l i o n  f t 3  of methane. 
I n  an at tempt t o  eva lua te  the  e f f e c t  of t h i s  drainage on the  mine v e n t i -  
l a t i o n  system, the pump was shut  down f o r  a  24-hour period and the increased 
methane volume i n  the r e t u r n s  was found t o  be approximately equal  t o  the  
methane previously exhausted by the  pump. We, the re fo re ,  concluded t h a t  t h e  
borehole was removing methane t h a t  would otherwise be c a r r i e d  i n  the  r e t u r n s .  
Since our f i r s t  borehole was put  i n t o  opera t ion  i n  June 1968, we have put 
e i g h t  drainage boreholes i n t o  se rv ice  i n  mine No. 32, and 27 i n  mine No. 33. 
Of these  35 boreholes f o r  the  two mines, 27 were i n  longwall panels and e i g h t  
i n  conventional  p i l l a r  s ec t ions  . Varia t ions  were t r i e d  i n  methods and equip - 
ment i n  seve ra l  of these holes .  However, r a t h e r  than descr ibe  each i n s t a l l a -  
t i o n ,  a  summary of the experiments and our conclusions i s  given i n  the  follow- 
ing paragraphs. 
A t  an e a r l y  s t age ,  we recognized t h a t  f r eez ing  problems would be encoun- 
te red  with the  water i n  the  o r i g i n a l  vacuum pump; a l s o ,  the  high horsepower 
requirements and low e f f i c i e n c y  made i t  undes i rab le  f o r  t h i s  app l i ca t ion .  We 
have s ince  incorporated a  7-112-hp, 1,500-cfm blower of aluminum cons t ruc t ion  
a s  a  pumping medium. While t h i s  blower i s  r a t e d  f o r  1,500 cfm a t  10 oz p res -  
su re ,  by changing the  impeller  and f r o n t  cover i t  w i l l  de l ive r  1,660 c h  a t  
20 oz pressure .  These l a t t e r  impel le rs  a r e  i n s t a l l e d  on holes  i n  a c t i v e  long- 
wall  panels .  Then, a s  the  panel i s  mined ou t ,  these  a r e  replaced with the  
o r i g i n a l  impel le rs  a s  the  methane concent ra t ion  i n  the exhaust f a l l s  o f f .  
The borehole depth has been va r i ed  t o  eva lua te  the  e f f e c t s  of depth on 
methane l i b e r a t i o n .  We have stopped the hole  above the  B seam on severa l  
occasions and found these  holes  were a l s o  success fu l .  P resen t ly ,  holes  a r e  
s t i l l  being d r i l l e d  i n t o  the B c o a l ,  and the  bottom of the  cas ings  a r e  stopped 
approximately 125 t o  130 f t  above the  seam. 
Packer loca t ions  have been var ied  i n  an at tempt t o  s t a y  below the  water-  
bearing s t r a t a  and t o  t r y  t o  bleed o f f  the  methane from the h ighes t  poss ib l e  
po in t  i n  t h e  c a v i t y  c r ea t ed  by caving i n  the mine. We now loca t e  a packer on 
the  end of  t h e  8 - i n  cas ing  which i s  s e t  from 20 t o  40 f t  above the  C '  seam 
(120 t o  140 f t  above t h e  B seam). The hole  i s  then grouted f o r  about 75 f t  
above t h e  packer .  This method e l imina te s  t he  problem of  t he  borehole ca s ing  
extending i n t o  the  C' c o a l  and concern f o r  t he  cas ing  i n  f u t u r e  mining i n  t h i s  
seam. 
Our s tandard  borehole i s  12 i n .  i n  diameter ;  t h i s  hole  i s  cased wi th  an 
8 - i n  s t e e l  p ipe .  However, we a r e  g iv ing  some thought t o  experimenting with 
both l a r g e r  and smal le r  boreholes .  A s tudy  w i l l  be made t o  determine the  
advantages and disadvantages of t hese  compared t o  t he  boreholes  now i n  use.  
We have a l s o  vented the  space between t h e  12-in hole  and the  8 - i n  cas ing  
t o  t h e  atmosphere i n  order  t o  bleed o f f  any methane induced by cracks  i n  t he  
s t r a t a  above t h e  l e v e l  a t  which the  ho le  i s  grouted.  To d a t e ,  t h i s  has  pro- 
duced up t o  230,000 c f d  by f r e e  flow f o r  one ven t  pipe i n  add i t i on  t o  t h e  meth- 
ane ex t r ac t ed  by the  pumps. 
General s a f e t y  precaut ions  taken during t h e  d r i l l i n g  and cas ing  opera-  
t i o n s ,  and t h e  ope ra t ion  of  t h e  dra inage  pumps a r e :  
1. Blowers a r e  never operated when t h e  methane percentage drops below 
25 percent .  
2. Discharge pipes a t  t h e  boreholes  a r e  kept  a minimum of 15 f t  above 
the  ground. 
3 .  Drainage ho le s  i n  a c c e s s i b l e  a r e a s  a r e  fenced and warning s igns  a r e  
placed around a l l  s i t e s .  
4.  A l l  a c t i v e  boreholes  a r e  v i s i t e d  a t  l e a s t  once d a i l y  and checks a r e  
made of t he  equipment and flow coming from the  hole .  
Our s t u d i e s  have shown t h a t  methane l i b e r a t i o n  a s  r e l a t e d  t o  p i l l a r  ton- 
nage v a r i e s  from 0.29 t o  1.42 c£m of  methane per  ton of c o a l  mined i n  p i l l a r s .  
The use  of dra inage  boreholes  has reduced the  amount of methane handled i n  t h e  
r e  t u rns  of  t he  mine t o  the  range 0.15 t o  0.89 cfm per ton of c o a l  mined. This 
shows we a r e  now handling up t o  80 percent  of t he  methane l i b e r a t i o n  from p i l -  
l a r  a r e a s  through t h e  drainage boreholes .  
CONC LUS IONS 
The methane drainage boreholes  have proved t o  be a s a f e  and e f f e c t i v e  
method of  removing l a r g e  q u a n t i t i e s  of  methane from the  mine atmosphere. This 
r educ t ion  has allowed mining t o  progress  a t  maximum r a t e s  wi th  a s u b s t a n t i a l  
r educ t ion  of  methane con ten t  i n  the  b leeder  r e t u r n s  of the  mines. This 
i n c r e a s e s  m a t e r i a l l y  the  c o a l  production by u t i l i z i n g  h igh-cos t ,  rapid-mining 
equipment more e f f i c i e n t l y .  
The methane dra inage  boreholes  have proved s o  b e n e f i c i a l  t h a t  a d d i t i o n a l  
ho le s  a r e  normally planned a s  p a r t  of  our mine p ro j ec t ions  f o r  methane d ra in -  
age from p i l l a r  product ion a r e a s  of both longwall and convent ional  systems. 
GOB DEGASlFlCATlON RESEARCH-A CASE HISTORY 
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ABSTRACT 
A d e g a s i f i c a t i o n  ho l e  was d r i l l e d  i n  advance of mining over t h e  longwall  
panel  a t  t he  B lacksv i l l e  No. 1 mine e a r l y  i n  1972. This  w e l l  was e s p e c i a l l y  
designed t o  provide r e sea rch  da t a  on gob gas  c o n t r o l  a s  p a r t  of a  Bureau of 
Mines con t r ac t3  w i th  Consol ida t ion  Coal Co. 
D r i l l i n g  and completion procedures a r e  descr ibed ,  and r e sea rch  procedures 
and techniques a r e  d i scussed .  The l a t t e r  inc lude  the  u se  of wi re  l i n e  we l l  
logs t o  de f ine  overburden l i t h o l o g y ,  r a d i o a c t i v e  b u l l e t s  i n  t he  s i d e  of t he  
ho l e  t o  t r a c e  subsidence,  and use  of a  unique flow d e t e c t o r  t o  l o c a t e  p o i n t s  
of gas  e n t r y  i n t o  t he  w e l l  bore.  
Performance of t he  ho l e  and i t s  e f f e c t s  on t h e  panel  b l eede r s  i s  t raced  
from the  s t a r t  u n t i l  t he  mine was s ea l ed  fol lowing a  f i r e  i n  t he  summer o f  
1972. 
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INTRODUCTION 
Ear ly  i n  1972, Consol ida t ion  Coal Co. (Consol) i n i t i a t e d  a  r e sea rch  pro-  
gram i n  coopera t ion  with t h e  Bureau of Mines t o  s tudy methane c o n t r o l  i n  gob 
a r e a s .  Of p a r t i c u l a r  i n t e r e s t  were t he  development of e f f i c i e n t  techniques 
f o r  t he  removal of gas from newly p i l l a r e d  a r e a s  and from o lde r  gob. 
l ~ i e l d  Research Superintendent ,  Cont inenta l  O i l  Co.,  Morgantown, W .  Va. 
2 Supervisory mining engineer ,  P i t t sbu rgh  Mining and Sa fe ty  Research Center ,  
Bureau of Mines, U.S. Department of the  I n t e r i o r ,  P i t t s b u r g h ,  Pa. 
3 Cont rac t  No. H0322851. 
A t t e n t i o n  cen te red  on t h e  u s e  of v e r t i c a l  ho l e s  d r i l l e d  from t h e  su r f ace  s ince  
t h i s  approach has  the  p o t e n t i a l  of removing gas  from t h e  mine i n  t h e  most 
d i r e c t  manner. A s e r i e s  of f i e l d  experiments was designed t o  r e v e a l  sources  
of gas  i n  t h e  overburden, t h e  gas  flow network t h a t  forms a s  gob i s  formed, 
and changes t h a t  occur i n  bo th  source  and flow pa th  wi th  time. 
The t o t a l  program was d iv ided  i n t o  two phases .  I n  t he  f i r s t ,  a  s tudy  was 
t o  be made of gas  c o n t r o l  i n  new gob where ho l e s  could be d r i l l e d  s a f e l y  over 
s o l i d  c o a l  s l i g h t l y  i n  advance of mining. I n  t he  second, s t u d i e s  would be 
made i n  o l d e r  gob where explos ive  gas  mix tures  might e x i s t  and s a f e  d r i l l i n g  
techniques  r e q u i r e  development. I n  t h e  f i r s t  s tudy ,  an a n a l y s i s  was made of 
t h e  d a t a  ob ta ined  from 15 holes  d r i l l e d  e a r l i e r  f o r  gob gas  c o n t r o l  i n  
Consol ' s  Chr i s topher  Div is ion .  Addi t iona l  t e s t s  were conducted on s e v e r a l  of 
t h e s e  h o l e s ,  and fou r  new h o l e s  were d r i l l e d  i n  advance of mining f o r  s p e c i a l  
s tudy .  These new h o l e s ,  which probably c o n t a i n  the  m a t e r i a l  of b roades t  gen- 
e r a l  i n t e r e s t ,  a r e  t h e  sub jec t  of t h i s  p r e sen t a t i on .  The f i r s t  of t he se  w i l l  
be d i scussed  i n  d e t a i l .  The second has  been completed bu t  n o t  y e t  p i l l a r e d  
under .  
EXPERIMENTAL 
The f i r s t  new t e s t  ho l e  
(No. 1-M) was d r i l l e d  i n  
advance of t h e  longwall  a t  
B l a c k s v i l l e  No. 1 mine 
( f i g .  1 . This a r e a  was 
s e l e c t e d  because t h e  mine 
was new and only development 
work had taken  p lace .  Con- 
sequent ly ,  t h e  overburden 
was s t i l l  undis turbed ,  and 
the  t e s t  would no t  be 
a f  f ec t ed  by previous subs i -  
dence. Also,  t h e  d a t a  would 
be a v a i l a b l e  f o r  comparison 
l a t e r  wi th  t h a t  from more 
common room and p i l l a r  
mining. 
The gene ra l  p l an  f o r  
t he se  t e s t  ho l e s  was a s  
fo l lows:  
1. D r i l l  t o  t h e  v i c i n -  
i t y  of t h e  Waynesburg c o a l  
/ seam. S e t  and cement ca s ing  
I t o  exclude the  upper water  
I zones. 
FIGURE 1. - Outline of Blacksvi l le  No. 1 mine in area of 
methane research we l Is. 2. Core, d r i l l ,  and 
e s t  va r ious  i n t e r v a l s  i n  
the  overburden from the  bottom of the cas ing  t o  a po in t  about 30 f t  above the  
P i t t sbu rgh  coal .  
3 .  Run a s u i t e  of  wire l i n e  logs .  
4 .  Implant r ad ioac t ive  b u l l e t s  i n  the  wal l  of t h e  open hole and log 
these  t o  e s t a b l i s h  index po in t s  f o r  f u t u r e  subsidence s t u d i e s .  
5. Run a s l o t t e d  l i n e r  t o  prevent caving of t he  open hole sec t ion .  
6 .  Conduct subsidence and gas flow t e s t s  f o r  1 year  o r  more a f t e r  t he  
hole  i s  mined under. 
The hole  was loca ted  about 480 f t  from the  s t a r t  of t he  2,700-f t  long and 
430-f t  wide panel.  Mining had no t  y e t  s t a r t e d  on the  longwall proper when the  
ho le  was d r i l l e d .  
Pas t  experience gave no reason t o  expect any gas flows above the  
Waynesburg coa l  t h a t  could a f f e c t  t he  mine. Consequently, a 9-518-in cas ing  
was s e t  j u s t  above t h e  Waynesburg and cemented t o  the  sur face .  A l l  d r i l l i n g ,  
both above and below the  Waynesburg, was done wi th  a i r .  
The o r i g i n a l  plan had been t o  c u t  a 4-318-in-diameter core  through most 
of t h e  i n t e r v a l  between the  Waynesburg and t h e  Pi t t sburgh .  This would be used 
to  a i d  i n t e r p r e t a t i o n  of t h e  wire l i n e  well  logs .  Coring was very slow, how- 
eve r ,  and the  dec is ion  was made t o  d r i l l  ahead t o  a po in t  j u s t  above the 
Sewickley coa l  before coring was resumed. I t  was s t i l l  d e s i r a b l e  to  g e t  t he  
lower co re ,  s ince  t h i s  i s  t he  immediate overburden t o  t h e  mine and a probable 
source of mine gas .  Four d r i l l  stem t e s t s  were run so t h a t  the  e n t i r e  ho le  
s e c t i o n  below the  cas ing  was t e s t ed  a t  one time or  another .  There was no s i g -  
n i f i c a n t  show of gas a t  any p o i n t ,  although the re  were some very  weak blows. 
There was no pressure  buildup on any of the  t e s t s .  Some water was observed, 
and the  r a t e  of water inflow when t h e  well  was a t  t o t a l  depth was 0.05 gpm 
from the  Waynesburg coa l  and 0.10 gpm from t h e  Sewickley coa l .  
Two wire  l i n e  logs were run  a t  t o t a l  depth. One was a combination gamma 
ray  and s i d e  wal l  neutron. This l o g ' s  fundamental use  i s  f o r  es t imat ing  f o r -  
mation po ros i ty ,  but  i t  i s  a l s o  very  u s e f u l  i n  determining formation l i t ho logy .  
For in s t ance ,  sha le  w i l l  show a very high po ros i ty  and so w i l l  coa l .  They can, 
t he re fo re ,  be picked from t h e  l e s s  porous limestone and sandstone. Shale con- 
t a i n s  r ad ioac t ive  m a t e r i a l s ,  however, and g ives  a high gamma ray  count.  
Because coa l  i s  not  r ad ioac t ive ,  coa l  and sha le  can be separated from each 
o the r .  
The o ther  log  was a combination gamma ray  and formation dens i ty .  This 
records  rock dens i ty  which i s  use fu l  i n  determining l i t ho logy  and i n  serv ing  
a s  an a i d  i n  the  i n t e r p r e t a t i o n  of t he  neutron log.  
FIGURE 2. - Gamma ray log of cobalt tracer bul lets immediately 
after test hole cornplet ion. 
Rate of pene t r a t ion ,  o r  " d r i l l i n g  r a t e ,  I '  was recorded us ing  a 
~ e o l o ~ r a ~ h . ~  This record c o r r e l a t e s  very  c l o s e l y  wi th  t h e  type of rock being 
d r i l l e d  and i s  a n  a i d  i n  i d e n t i f y i n g  ind iv idua l  zones. 
Implanta t ion  of  the  t r a c e r  b u l l e t s  followed the  logging.  These were 
og iva l  s t e e l  b u l l e t s ,  1-314-in long and 9116-in base diameter  weighing about  
30 g.  Each contained Cobal t  60 t r a c e r  i n  a sea led  cav i ty .  The b u l l e t s  were 
loaded i n t o  a mul t i sho t  gun, which could be run  i n  t he  ho le  on a wire  l i n e  and 
t h e  s h o t s  f i r e d  s e l e c t i v e l y .  
An a t tempt  was made t o  implant one b u l l e t  i n  
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FIGURE 3. - North-south cross section of overburden 
through Blacksville wells 1-M and 2-M. 
1 each 5 - f t  s e c t i o n  of  open 
.e a s  index p o i n t s  by which 
movement of t h e  formations 
could be de t ec t ed  when sub- 
s idence occurred.  A num- 
ber  of t h e  b u l l e t s  did not  
s t a y  i n  p l a c e ,  probably 
because of e x t r a  hardness  
of t he  zone (dolomites  o r  
dense l imes tones) .  Others  
de f l ec t ed  s l i g h t l y  and were 
o f f  by a f o o t  o r  so. A 
s p e c i a l  gamma r a y  log was 
run  t o  l o c a t e  t he  b u l l e t s  
f o r  permanent record .  Bul- 
l e t s  show up a s  extremely 
h igh ,  sharp  gamma r a y  peaks. 
A s e c t i o n  of t h i s  log  i s  
shown i n  f i g u r e  2. 
F i n a l l y ,  a 7- in l i n e r  
was run  i n  t h e  w e l l  and hung 
from the cas ing  head. The 
lower 353 f t  of t he  l i n e r  
contained a profus ion  of 
114-in-wide by 4- in-  long 
s l o t s  t o  permit  gas t o  e n t e r  
t he  pipe.  The upper 218 f t  
was l e f t  blank and w i l l  
se rve  a s  a guide f o r  t e s t  
equipment run  i n  and o u t  of 
t he  hole .  
A second ho le  (No. 2-M) 
was d r i l l e d  by Consol 
4Reference t o  s p e c i f i c  
brands i s  made f o r  iden- 
t i f i c a t i o n  only  and does 
no t  imply endorsement by 
the  Bureau of Mines. 
1,330  f t  down t h e  pane l  from No. 1-M.  I t  was completed i n  much t h e  same man- 
n e r  b u t  wi thout  c o r e s ,  d r i l l  stem t e s t s ,  o r  t r a c e r  b u l l e t s .  It i s  t o  s e rve  a s  
a  r e g u l a r  d e g a s i f i c a t i o n  h o l e ,  bu t  would, i n  t h e  p roces s ,  p rov ide  important  
d a t a  f o r  t h e  r e s e a r c h  work. 
RESULTS 
Data from logs  of  No. 1 - M  and No. 2-M and from two nearby diamond c o r e  
h o l e s  d r i l l e d  e a r l i e r  by Consol were used t o  c o n s t r u c t  t h e  c r o s s  s e c t i o n  
shown i n  f i g u r e  3 .  This  i nc ludes  t h e  zones from t h e  Waynesburg sandstone t o  
t h e  P i t t s b u r g h  c o a l .  A l l  o f  t h i s  s e c t i o n  from t h e  base  of t h e  Waynesburg 
sands tone  down i s  open t o  t h e  w e l l  bore  i n  t h e  t e s t  ho l e s .  
The d r i l l  stem t e s t s  run  dur ing  d r i l l i n g  showed v e r y  l i t t l e  evidence of 
ga s  i n  t h e  overburden. A methane d e t e c t o r  i n s t a l l e d  on t h e  r i g ' s  a i r  exhaus t  
l i n e  d i d  p i ck  up smal l  i n d i c a t i o n s  near  t h e  top of t h e  Benwood l imes tone  and 
a g a i n  i n  t h e  Sewickley sandstone and c o a l  seam ( f i g .  4 ) .  
E igh t  moni tor ing s t a t i o n s  were s e t  up underground t o  measure methane o f f  
t h e  longwall  gob. These a r e  shown i n  f i g u r e  5. Nearly  a l l  the  methane o f f  
t h e  gob e x i t s  through the  main b l eede r  a t  S t a t i o n  7. The d a t a  f o r  t h e  under-  
ground b l eede r s  a r e  compared 
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FIGURE 4 .  - Methane detector data, we l l  No. 1-Me 
with  t hose  from t h e  s u r f a c e  
h o l e  i n  f i g u r e  6. 
The longwall  passed 
under the  ho l e  on May 1, 
1972, and gas  p roduc t ion  
s t a r t e d  a lmost  immediately. 
It peaked a t  300 scfm, 
dec l i ned  v e r y  r a p i d l y ,  and 
t h e  h o l e  s t a r t e d  i n t a k i n g  
a i r .  P r e s s u r e  r e tu rned  a t  
t h e  wellhead a f t e r  a  b r i e f  
s h u t - i n ,  and gas  p roduc t ion  
resumed a s  shown i n  
f i g u r e  6. 
There a r e  numerous 
s i m i l a r i t i e s  between degas 
h o l e  performance and t he  g a s  
i n  t h e  underground b l eede r s .  
Both appeared respons ive  t o  
t h e  r a t e  of mining. For 
i n s t a n c e ,  t h e  r a t e  of mining 
i nc r ea sed  s i g n i f i c a n t l y  on 
June 7 ,  and t h i s  i s  
r e f l e c t e d  by a n  immediate 
i n c r e a s e  i n  gas  bo th  a t  t h e  
s u r f a c e  and i n  t h e  b l eede r s .  
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FIGURE 5. - Longwall panel and test stations. 
400 An a t tempt  was made t o  
s tudy the  i n t e r a c t i o n  
between ho le  and b l eede r s  
350 during the  miners ' vaca t ion  
when No. 1 - M  was shut  i n  f o r  
300 2 days (June 28 and 29) .  
r 
0 
The vaca t ion  had s t a r t e d  on 
June 23, and gas  dropped & 250 
a immediately i n  t h e  b leeders .  a The e f f e c t  of s h u t t i n g  i n  
s q 200 t h e  we l l  was a n  irmnediate 
LL b leede r  gas  i nc rease  of a t  
W 
z l e a s t  30 percent .  This 2 150 dropped back when t h e  w e l l  
I- 
w was reopened. 
5 
100 
The q u a n t i t y  of me thane 
i n  both  the  b l eede r s  and t h e  
50 wel l  increased  a s  work 
resumed fol lowing the  vaca-  
0 
t i o n .  Everything was s h u t  
5  10 15 20 25 5  10 15 20 25 5  10 15 20 25 i n  when the  mine was sea led  
25 - M O y J u n e A J u l y  J u l y  24 fol lowing a mine 
f i r e .  The a r e a  dra ined  by 
FIGURE 6. - Plot of all methane off the longwall l an el the hole  is still sealed, 
underground of the gas production from but No. 1 - M  is 
test hole No. 1 -M. again .  ~t c u r r e n t l y  ave r -  
ages  about  60 s c h .  I t  
i s  s t i l l  producing by 
f ree- f low,  a s  i t  has throughout i t s  l i f e .  
FIGURE 7. - Underground subsidence studies using 
The second l o g  was r u n  
a  s h o r t  t ime l a t e r  when t h e  
Underground subs idence  
was fol lowed by moni to r ing  
t h e  p o s i t i o n s  of t h e  r a d i o -  
a c t i v e  b u l l e t s  w i t h  a  gamma 
sonde. R e s u l t s  of  t h e  f i r s t  
two such surveys  a r e  shown 
i n  f i g u r e  7. Movement of 
t h e  b u l l e t s  a r e  p l o t t e d  i n  
terms o f  t h e i r  a p p a r e n t  d i s  - 
placement from t h e  o r i g i n a l  
p o s i t i o n .  The l a t t e r  i s  
denoted by t h e  s o l i d  v e r t i -  
c a l  l i n e .  The f i r s t  su rvey  
was r u n w h e n  t h e  longwal l  
was abou t  40 f t  p a s t  t h e  
h o l e .  There a p p e a r s  t o  be 
no s i g n i f i c a n t  b reak  u n t i l  a  
dep th  of a b o u t  480 f t ,  which 
i s  abou t  30 f t  above t h e  
Sewickley c o a l .  A t  t h a t  
t ime ,  two b u l l e t s  were m i s s -  
i n g ,  and t h e r e  was c o n s i d -  
e r a b l e  d i sp lacement  o f  t h e  
r e s t .  The i n i t i a l  b r e a k  
appeared t o  have reached 
abou t  110 f t  above t h e  c o a l  
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coba I t  tracer bu 1 lets, longwal l  was abou t  170 f t  
p a s t  t h e  h o l e .  The logging 
u n i t  used a t  t h a t  t ime was l e s s  a c c u r a t e ;  t h i s  cou ld  account  f o r  some of t h e  
v a r i a t i o n s  s e e n  i n  f i g u r e  7. There d e f i n i t e l y  seems t o  be  a  t r e n d ,  however, 
s u g g e s t i n g  a d d i t i o n a l  movement up t o  a  dep th  of  abou t  400 f t .  T h i s  i s  a b o u t  
200 f t  above t h e  c o a l .  Other  logs  have been r u n  s i n c e .  We do n o t  s e e  any  
f u r t h e r  b reak  upward, b u t  t h e r e  i s  ev idence  t h a t  t h e  p o r t i o n  from t h e  
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i 
------- -- --* 
/ 
,' 
- i --- -----eN > --: 
1 r A 6  ft, Pittsburgh coal 
I 
I I I I I 
Movement of t h e  ground s u r f a c e  a l o n g  t h e  c e n t e r l i n e  of t h e  p a n e l  was v e r y  
pronounced a s  i s  shown i n  f i g u r e  8. Th is  survey was made when t h e  longwal l  
was a b o u t  200 f t  p a s t  No. 1-M.  The wel lhead had sunk n e a r l y  6 i n  a t  t h a t  
t ime ,  and t h e  maximum s u r f a c e  subs idence  appears  t o  have approached 2 f t .  
The l o c a t i o n s  where gas  e n t e r e d  t h e  b o r e h o l e  were d e t e c t e d  by means of a  
f low logging d e v i c e  des igned and b u i l t  e s p e c i a l l y  f o r  t h e s e  t e s t s .  Other  more 
"conven t iona l"  methods had been c o n s i d e r e d  and one was t r i e d ,  b u t  none was 
a p p l i c a b l e .  These inc luded  t empera tu re  s u r v e y s ,  mechanical  s p i n n e r s , a n d  a  
t y p e  of  h o t  w i r e  anemometer. The l a t t e r  was t h e  one a c t u a l l y  t e s t e d .  
-- .-- - 
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FIGURE 8. - Ground surface subs idence a long the center l ine of the longwa l l  l an el a s  of 
May 18, 1972. 
The flow logging dev ice  used h e r e  i s  shown schemat ica l ly  i n  f i g u r e  9. I t  
i s  r un  i n t o  t he  ho l e  i n  two s e c t i o n s  on an  e l e c t r i c  conductor  cab l e .  The 
lower s e c t i o n  c o n s i s t s  of  a  s t o r a g e  r e s e r v o i r  of r a d i o a c t i v e  kryp ton  gas  i n  
n i t r o g e n  and a  means of r e l e a s i n g  smal l  p u l s e s  of t h i s  ga s  on command from t h e  
s u r f a c e .  The second s e c t i o n  i s  a  gamma sonde l oca t ed  about  20 f t  above t h e  
kryp ton  emission u n i t .  Release of t he  ga s  pu lse  i s  noted by a  s u r f a c e  
r eco rde r  t h a t  has  a  high-speed paper feed .  The gas  i s  c a r r i e d  up t he  ho l e  
p a s t  t h e  gamma sonde by t he  upward flow of methane i n  t he  p ipe .  Passage 
a c r o s s  t h e  sonde i s  a l s o  noted on t he  c h a r t .  The r e s u l t i n g  t r a n s i t  t ime 
i n t e r v a l  can be converted t o  a  flow r a t e  i f  i t  i s  assumed t h a t  t he  m a j o r i t y  of  
t h e  flow i s  confined t o  the  i n s i d e  of t he  s l o t t e d  l i n e r .  
Runs can be made a t  d i f f e r e n t  l e v e l s  i n  t he  ho l e  and t h e  r e s u l t s  used t o  
p l o t  t he  percen t  of t o t a l  f low a t  t h e  v a r i o u s  l e v e l s .  Two such runs  a r e  shown 
i n  f i g u r e  10. Only about  20 pe rcen t  of t he  gas  appears  t o  e n t e r  t he  h o l e  
below t h e  Sewickley c o a l .  About 90 pe rcen t  appears  t o  e n t e r  i n  t h e  f i r s t  
200 f t  above the  c o a l .  This  corresponds t o  t he  zone of subs idence  de t ec t ed  by 
t h e  movement of t he  r a d i o a c t i v e  b u l l e t s .  
Seve ra l  mod i f i ca t i ons  have been made i n  t he  logging equipment s i n c e  t h i s  
f i r s t  work was done. These i nc lude  t he  i n s t a l l a t i o n  of a  c o l l a r  l o c a t o r  i n  
t h e  gamma t o o l  t o  improve downhole accuracy on t he  b u l l e t  surveys ;  purchase of 
a  s l i p  r i n g  f o r  t h e  h o i s t  so  t h a t  cont inuous gamma logs  can  be run ;  and t h e  
u se  of a  powered h o i s t  so  t h a t  deeper ho l e s  can  be surveyed. 
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Addit ional  work i s  planned fo r  the  o r i g i n a l  t e s t  hole  and f o r  i t s  com- 
panion (No. 2-M) i f  mining i s  eventua l ly  resumed on t h i s  panel a t  Blacksvi l le .  
Meanwhile, the  second t e s t  hole has been completed a t  Consol 's  Humphrey No. 7 
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DEGASlFlCATlON THROUGH VERTICAL  BOREHOLES 
by 
M. Deul and C. H. Elder  
ABSTRACT 
Experimental work i s  being conducted on d e g a s i f i c a t i o n  of coalbeds i n  
advance of mining i n  major coal-producing a r e a s  i n  t h e  United S t a t e s  i n  coop- 
e r a t i o n  wi th  c o a l  mining companies. Work i s  being done i n  e i g h t  d i f f e r e n t  
coalbeds i n  e i g h t  S t a t e s  on p r o p e r t i e s  mined by 10 d i f f e r e n t  companies. Only 
one s i t e  y ie lded  too low a  gas  flow t o  warrant  f u r t h e r  work. A l l  o the r  t e s t  
p a t t e r n s  a r e  being monitored f o r  ga s  and water  product ion.  We know t h a t  water  
i n  coa lbeds ,  u n i v e r s a l l y  p re sen t  i n  our t e s t  s i t e s ,  reduces t h e  permeabi l i ty  
of t h e  coa lbeds  t o  gas  flow and s u b s t a n t i a l l y  impedes gas  flow. The key t o  
d e g a s i f i c a t i o n  i s  dewater ing,  s o  w e l l  s t i m u l a t i o n  methods a r e  being t e s t e d  t o  
i n c r e a s e  water  flow r a t e s  so t h a t  gas  flow can be increased .  Such s t i m u l a t i o n  
a l s o  w i l l  i n c r e a s e  t h e  dra inage  r a d i u s  of t h e  w e l l s .  
Progress  t o  d a t e  i s  summarized and product ion  t r ends  analyzed.  
INTRODUCTION 
The d e g a s i f i c a t i o n  of coalbeds from the  su r f ace  i n  advance o f  mining has  
long been the  goa l  of  r e s e a r c h e r s  i n  mine s a f e t y .  Various e f f o r t s  have been 
made t o  s u c c e s s f u l l y  accomplish t h i s  and t h e  b e s t  recorded e a r l y  e f f o r t s  a r e  
3 those of  Spindler  ( 3 ) ,  Spindler  and Poundstone (A), and M e r r i t t s ,  Poundstone, 
and Light  (2). To d a t e  no technique f o r  d e g a s i f i c a t i o n  of coalbeds from t h e  
s u r f a c e  f a r  i n  advance of mining has  been found economically acceptab le .  
Attempts were made by t h e  Bureau of Mines t o  u t i l i z e  exp lo ra t i on  co re  
d r i l l e d  h o l e s  placed by coa l  mining companies f o r  formation t e s t i n g  i n  t h e  
P i t t s b u r g h  coalbed b u t  t he se  were unsuccess fu l  because of t h e  small  diameter  
ca s ing  (only 2 i n )  and t h e  l im i t ed  s i z e  of s t imu la t i on  equipment t h a t  could be 
used. This work s t a r t e d  about 1965, was en la rged  i n  scope somewhat t o  permit  
Supervisory g e o l o g i s t .  
~ e o l o ~ i s  t . 
Both au tho r s  a r e  w i th  t h e  P i t t s b u r g h  Mining and Sa fe ty  Research Center ,  
Bureau of Mines, U.S. Department of t h e  I n t e r i o r ,  P i t t s b u r g h ,  Pa. 
3 ~ n d e r l i n e d  numbers i n  paren theses  r e f e r  t o  i tems i n  t h e  l i s t  of r e f e r ences  a t  
t h e  end of t h i s  chap te r .  
4 - i n  ca s ing  t o  be placed i n  a n  exp lo ra to ry  h o l e  i n  t h e  Pocahontas No. 3  c o a l -  
bed i n  Buchanan County. The exper ience  ga ined  from the se  h o l e s ,  e s s e n t i a l l y  
n e g a t i v e  in format ion ,  has  been summarized i n  a  r e p o r t  by Cerv ik  and Elder  U). 
Much of t h e  recorded exper ience  wi th  t h e s e  a t t emp t s  a t  d e g a s i f i c a t i o n  
through v e r t i c a l  boreholes  was appa ren t l y  c o n t r a d i c t o r y .  Very h igh  gas  p r e s -  
s u r e s  measured i n  borehole  s h u t - i n  t e s t s  y i e lded  low gas  flow r a t e s ,  on t h e  
o rde r  of  1,000 c f d  f o r  t h e  Pocahontas No. 3 coalbed whereas s h u t - i n  p r e s s u r e s  
of  on ly  28 p s i  were measured i n  t h e  P i t t s b u r g h  coalbed i n  a  w e l l  t h a t  y i e lded  
a  f low of  24,000 c f d  (4) .  
There was much hearsay  on profuse  flows of gas  from v e r t i c a l  h o l e s  
d r i l l e d  i n t o  coa l -bea r ing  s t r a t a  dur ing  exp lo ra t i on .  Ta les  of d r i l l  s t r i n g s  
of  t o o l s  fo rced  o u t  of d r i l l  h o l e s  and of  v i o l e n t  ou t f lows  of ga s  a r e  common. 
Our d i r e c t  exper ience  w i t h  53 h o l e s ,  i n  t h a t  none of t h e s e  h o l e s  e x h i b i t e d  
such behavior ,  i s  t h a t  t h i s  would be  a  ve ry  r a r e  occurrence.  
Large gas  f lows have been encountered i n  d r i l l i n g  h o l e s  i n  f r a c t u r e d  rock  
over subsided s t r a t a  where longwall  mining i s  conducted. Very h igh  r a t e s  of 
methane emission,  on t h e  o rde r  of s e v e r a l  m i l l i o n  cubic  f e e t  pe r  day, have 
been measured i n  such boreholes  t h a t  could n o t  be completed t o  t h e  gob a r e a s .  
But i n  t h i s  i n s t a n c e  we know t h a t  t he  ga s  was emi t ted  from sandstone ho r i zons  
t h a t  had y i e lded  flows of gas  on t h e  o rde r  of 40,000 c f d  i n  t h e  un f r ac tu r ed  
s t a t e ;  a f t e r  subsidence t h e s e  s t r a t a  were f r a c t u r e d  and t h e  i n i t i a l  f low r a t e s  
were i nc r ea sed  manyfold. A l l  of t he se  exper iences  and t h e  obse rva t i ons  made 
i n  t h e  conduct of our o t h e r  r e s e a r c h  on methane c o n t r o l  reviewed by Zabe tak is ,  
Deul, and Skow (6) l o g i c a l l y  l ed  u s  t o  conclude t h a t  c e r t a i n  phys i ca l  f a c t o r s  
must be  cons idered  i n  conduct ing f u r t h e r  exper iments  on d e g a s i f i c a t i o n  through 
v e r t i c a l  boreholes .  
PHYSICAL FACTORS 
The phys i ca l  f a c t o r s  we cons ide r  important  have, a t  f i r s t  thought ,  been 
r e l a t i v e l y  obscure .  They a r e :  
(1)  Coal ,  u n l i k e  most o t h e r  gas-producing format ions ,  has  a  low p o r o s i t y ,  
e s p e c i a l l y  i n  c o n t r a s t  w i th  sandstone which has  a  l a r g e  i n t e r s t i t i a l  p o r o s i t y .  
(2) The pe rmeab i l i t y  of coa lbeds  may be d i rec t iona l - - some coa lbeds  
e x h i b i t  much g r e a t e r  a long t h e  f a c e  c l e a t  than  a long  t h e  b u t t  c l e a t .  
(3) Most coa lbeds  a r e  wate r  s a t u r a t e d  and,  a s  a  consequence, e x h i b i t  a  
low gas  permeabi l i ty .  
(4) Coal ,  because i t  has  a  low mechanical s t r e n g t h ,  r e a d i l y  s u f f e r s  f o r -  
mation damage; t h i s  i n  t u r n  may s u b s t a n t i a l l y  reduce t h e  pe rmeab i l i t y  a t  t h e  
pe r iphe ry  of t he  ho l e s  d r i l l e d  i n t o  coalbeds.  
(5) Coalbeds do no t  e x h i b i t  uniform phys i ca l  and chemical  p r o p e r t i e s .  
These f a c t o r s  must be understood be fo re  any l a r g e - s c a l e  e f f o r t s  a t  degas-  
i f i c a t i o n  of coalbeds can be s u c c e s s f u l l y  undertaken.  C u r r e n t l y ,  t h e  Bureau 
i s  completing a  comprehensive program t o  t e s t  c and ida t e  coa lbeds  and t o  p ro-  
duce ga s  from t h e s e  coalbeds a long  p r o j e c t e d  development a r e a s  of e x i s t i n g  and 
newly developing mines i n  t he se  coa lbeds .  
DEGASIFICATION TEST SITES 
Severa l  important  c r i t e r i a  were app l i ed  i n  s e l e c t i n g  s i t e s  f o r  expe r i -  
mental  v e r t i c a l  d e g a s i f i c a t i o n  holes .  These were: 
(1)  Known o r  suspected high methane con ten t  i n  coalbeds.  
(2) Large block of unmined coa l  f o r  d r i l l i n g .  
(3)  Planned mining of block wi th in  3 t o  5  yea r s  of d r i l l i n g .  
(4) Favorable  geo log ica l  cond i t i ons .  
(5) Cooperative agreement and ready a c q u i s i t i o n  of r ight-of-ways f o r  
d r i l l i n g .  
Usual ly  a l l  t he se  c r i t e r i a  were met before  d r i l l i n g  was s t a r t e d .  I n  one 
i n s t a n c e  mining cond i t i ons  were such t h a t  t h e  mining company has  gone out  of 
bus iness  so  mining p ro j ec t i ons  w i l l  no t  be met on schedule;  i n  ano the r ,  what 
had been expected t o  be a  s e r i o u s  s i t u a t i o n  i n s o f a r  a s  gas  i n  horizons irnmedi- 
a t e l y  above and below the  coalbed mined has  n o t  y e t  m a t e r i a l i z e d  from the  w e l l  
t e s t s  but  may y e t  y i e l d  u s e f u l  d a t a  when mining causes  r e l a x a t i o n  of s t r a t a .  
Data u s e f u l  t o  mine planning a r e  expected from a l l  t h e  patterns. 
Medium- and high-volatile 
bituminous coal 
3- D r i l l  hole sites SCALE, miles 
FIGURE 1. - Ver t ica l  degasif icat ion s i tes  i n  the bituminous coal f ie lds of the conterminous 
United States. 
The d r i l l i n g  s i t e s  s e l e c t e d  a r e  shown i n  f i g u r e  1 and a r e  d i s t r i b u t e d  
among the  major bituminous c o a l f i e l d s  of the  United S t a t e s .  The Northern 
Appalachian d r i l l  s i t e s  a r e  shown i n  f i g u r e  2. Data on a l l  t h e  s i t e s  a r e  
s m a r i z e d  i n  t a b l e  1. Except f o r  e a r l y  explora tory  work on s i t e s  i n  
Bucha~an  County, Va., and Monongalia County, W .  Va. ,  a l l  of t he  ho le s  have 
been d r i l l e d  s i n c e  May 1971 and were completed a s  r e c e n t l y  a s  December 1972. 
A* 
FIGURE 2. - Northern Appalachian degasif ication sites. 
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RESULTS TO DATE 
Water and gas a r e  being produced from most of the  p a t t e r n s  d r i l l e d .  One 
hole  i n  each p a t t e r n  i s  gene ra l ly  no t  put  i n  product ion but  i s  used a s  a 
monitoring hole  t o  measure gas pressures  and t o  determine the  e x t e n t  of i n t e r -  
fe rence  from product ion of t h e  o the r  holes  i n  the  p a t t e r n .  
A l l  of the  holes  on product ion y i e l d  water and gas.  Water i n  the  f r a c -  
t u r e s  and macropores of a coalbed reduces the flow r a t e  of gas from t h e  coa l -  
bed. Consequently, a l l  t h e  d r i l l  ho les  a r e  o u t f i t t e d  with pumps t o  remove the  
water i n t e r m i t t e n t l y .  General ly,  a s  the  water i s  pumped from t h e  formation 
the  flow r a t e  of methane inc reases .  
Gas pressures  a r e  determined e i t h e r  by s tandard d r i l l  stem t e s t s  o r  by 
measurement of t h e  he igh t  of t he  water l e v e l  a s  gas flow i s  a r r e s t e d  by the  
equal ized pressure  of t he  water column i n  the  cas ing .  Where permeabi l i ty  i s  
ve ry  low and t h e  gas flow r a t e  i s  so low t h a t  t h e  normal time a l l o t t e d  t o  the  
d r i l l  stem t e s t  f o r  bottom hole  pressure  i s  inadequate,  no success fu l  measure- 
ment i s  poss ib l e  us ing  s tandard d r i l l  stem t e s t  procedures.  A l l  the  producing 
p a t t e r n s  a r e  now being f i t t e d  wi th  a bottom hole  device t o  measure pressures  
a t  w i l l ;  these  da ta  w i l l  soon be acquired.  
Dewatering i s  of utmost importance. A s  water flow r a t e s  dec l ine ,  a l l  
o the r  f a c t o r s  being equal ,  t he  gas flow r a t e s  inc rease  from a v e r t i c a l  bore-  
hole  i n  a coalbed. Figure 3 i s  a p l o t  of t he  water flow and gas flow r a t e s  
ve r sus  time f o r  a s i n g l e  hole  i n  t h e  Alabama p a t t e r n .  
COMPOSITION OF COALBED GASES 
Gas samples taken from v e r t i c a l  boreholes have v a r i a b l e  compositions 
depending upon loca t ion .  Table 2 l i s t s  t y p i c a l  a n a l y s i s  from the  P i t t sbu rgh ,  
Pocahontas, and Mary Lee coalbeds. 
TABLE 2. - Composition of gas from v e r t i c a l  d e g a s i f i c a t i o n  holes  
. 
These ana lyses  w i l l  be compared wi th  those from samples c o l l e c t e d  a t  
vary ing  i n t e r v a l s  t o  determine the  na tu re  of the  compositional changes wi th  
time a s  desorpt ion  proceeds. 
Coalbed 
P i t t sbu rgh :  
Washington County, Pa.. .......... 
........... Marion County, W.  Va.. 
Monongalia County, W .  Va. ........ 
Pocahontas No. 3: 
Buchanan County, Va. ............. 
Wyoming County, W.  Va... ......... 
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FIGURE 3. - Gas and water production, No. 3 SW hole, Oak Grove mine, Alabama. 
DISCUSSION 
The r e l a t i v e l y  low gas flow r a t e s  from the v e r t i c a l  degas i f i ca t ion  bore- 
holes  a s  compared with those from e a r l y  degas i f i ca t ion  experiments can be 
r e a d i l y  explained by the  f a c t  t h a t  t he  blocks of c o a l  i n  which these t e s t s  a r e  
being conducted a r e  remote from a c t i v e  mining a r e a s  and have not  ye t  been 
dewatered. Research being conducted a t  the Universi ty of P i t t sburgh under a 
g ran t  agreement shows t h a t  "the e f f e c t i v e  permeabil i ty t o  gas increases  most 
r ap id ly  with decreasing water s a t u r a t i o n  over the  higher  water s a t u r a t i o n  
range" (5) .  This means t h a t  low gas flow r a t e s  a r e  t o  be expected u n t i l  t he  
coalbed i s  dewatered around the v e r t i c a l  borehole. 
Knowing t h a t  coalbeds a r e  water -sa tura ted ,  we can now proceed t o  hydro- 
f r a c t u r e  se lec ted  s i t e s  t o  increase  the  permeabil i ty of the  coalbeds and the 
flow r a t e  of methane gas ,  and t o  s u b s t a n t i a l l y  extend the  drainage r ad ius  of 
each borehole. Water removal is the key to degasification. Simple free 
drainage will not succeed because the water column forced into boreholes by 
gas pressure will eventually equalize the reservoir pressure and shut the 
wells in. 
The scientific program of analysis of coalbeds as gas producing reser- 
voirs that will result from this study will ultimately provide realistic 
criteria for evaluation of degasification of coalbeds. These studies, coupled 
with the results of studies such as those reported by Fields in this seminar, 
and novel method& of drilling long holes in coalbeds parallel to the bedding 
will yield means of demonstrating the feasibility of degasifying coalbeds 
which exhibit moderate and high gas permeability. Coalbeds which exhibit low 
permeability will require further research. 
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P a n e l i s t s :  
John Ashcraf t ,  West Virg in ia  Department of Mines, Charleston,  W .  Va. 
Robert Da lze l l ,  U.S. Bureau of Mines, P i t t sbu rgh ,  Pa. 
James Davis, Continental  O i l  Co., Morgantown, W .  Va. 
P e t e r  Ferguson, Bethlehem Mines Corp., Johnstown, Pa. 
William Laird,  Eastern Associated Coal Corp., P i t t sbu rgh ,  Pa. 
James Micheal, U.S. Bureau of Mines, Morgantown, W.  Va. 
J .  J .  Yancik, U.S. Bureau of Mines, Washington, D.C.  
M. G .  Zabetakis ,  U.S. Bureau of Mines, P i t t sbu rgh ,  Pa.; moderator. 
D r .  Zabetakis.  Before continuing wi th  the  panel  d i scuss ion ,  I have been 
asked t o  g ive  the  h i g h l i g h t s  of t h e  ma te r i a l  presented here  today. Bas i ca l ly ,  
what we have attempted t o  show i s  t h a t  t h e r e  i s  a  l o t  of gas i n  our c o a l ,  and 
t h a t  a s  mining r a t e s  and depths inc rease ,  t he  gas emission r a t e s  w i l l  a l s o  
inc rease  un le s s  we exe rc i se  some con t ro l  over the  gas ;  we a r e  going t o  have t o  
th ink  s e r i o u s l y  about degas i f i ca t ion .  We have seen ins t ances  he re  today where 
some mine opera tors  and Bureau of Mines i n v e s t i g a t o r s  have been success fu l  i n  
l i b e r a t i n g  up t o  80 percent  of t h e  gas i n  a  p a r t i c u l a r  a r e a ,  us ing  f a i r l y  con- 
ven t iona l  techniques. Where gas  i s  s t i l l  a  problem, we now have procedures 
t h a t  a r e  usable  i n  blocking the flow of t h e  gas t o  the  face.  
Horizontal  and v e r t i c a l  boreholes  a r e  q u i t e  use fu l  i n  degasifying v i r g i n  
coa l  and gob a r e a s ,  r e spec t ive ly .  I n  the f i r s t  ca se ,  we have found methane 
emission r a t e s  t o  be about 0 . 1  cfm/ft2 of su r face  a rea  from 3- in  boreholes .  
This i s  about an  order  magnitude more than the  emission r a t e s  from exposed 
r i b s .  This means, t he re fo re ,  t h a t  i f  you want t o  complete a  d e g a s i f i c a t i o n  
job i n  a  s h o r t  period of t ime, you e i t h e r  have t o  d r i l l  long holes  o r  l a r g e r  
diameter ho le s ,  o r ,  perhaps, hydrofrac these  i n  order  t o  increase  the  su r face  
a r e a ,  provided t h a t  t he  hydrofracing opera t ion  w i l l  no t  damage the  roof s i g -  
n i f i c a n t l y .  To reduce gas emission r a t e s  t o  a  manageable l e v e l ,  we must p lan  
ahead. Many of the  European mines a r e  recovering 50 percent  of t h e i r  gas--  
even i n  t h e i r  very deep mines. We f e e l  t h i s  can a l s o  be done here. 
With t h i s  thought,  then,  l e t  me very  b r i e f l y  in t roduce  our p a n e l i s t s .  We 
have t o  my r i g h t ,  M r .  John Ashcraf t ,  d i r e c t o r  of the West V i rg in i a  Department 
of Mines, whom I am sure  you a l l  know; to  h i s  r i g h t  i s  M r .  Robert Da lze l l ,  
ch i e f  of t he  ~ u r e a u ' s  Ven t i l a t ion  group, Technical Support Center i n  P i t t s -  
burgh; t o  h i s  r i g h t  i s  D r .  Joe  Yancik, who spoke t o  us e a r l i e r  and, I am su re ,  
needs no f u r t h e r  in t roduct ion .  To my l e f t  we have M r .  James Micheal, d i s t r i c t  
manager, D i s t r i c t  No. 3 ,  Health and S a f e t y - - a l l  those of you i n  t h i s  a r e a  know 
J i m  q u i t e  wel l .  To h i s  l e f t  i s  M r .  James Davis who ta lked  t o  us e a r l i e r ;  t o  
h i s  l e f t  i s  M r .  Pe te  Ferguson, who a l s o  spoke to us  e a r l i e r ;  and t o  h i s  l e f t  
i s  M r .  B i l l  Laird,  v i c e  president--engineering,  Eas tern  Associated Coal Corp., 
who has been extremely he lp fu l  t o  us i n  the  conduct of our work i n  the  Federal  
No. 2 mine. 
Before we proceed with ques t ions  from the f l o o r ,  l e t  u s  hear from our 
p a n e l i s t s .  F i r s t ,  Bob Dalze l l .  
M r .  Da lze l l .  Good a f t e rnoon ,  gentlemen. I t  has been a p l easu re  t o  s i t  
i n  on t h e  meetings wi th  you today. I am s u r e  t h a t  i t  has been a n  educat ion t o  
me. It has  been a r e v e l a t i o n  t o  l e a r n  of some of t h e  techniques t h a t  have 
become a v a i l a b l e  f o r  u se  i n  c o n t r o l  of methane i n  underground mines. Gentle-  
men, methane and methane c o n t r o l  has  been a problem i n  underground c o a l  mines 
s i n c e  t h e  incep t ion  of mining i n  t he  United S ta t e s .  The c l a s s i c  method of 
c o n t r o l  of methane i n  underground mines has been by t h e  c o n t r o l l e d  movement of 
a i r  t o  t h e  underground passageways and t h e  use  of adequate  q u a n t i t i e s  t o  
d i l u t e ,  render  harmless ,  and c a r r y  away the  methane t h a t  was introduced i n t o  
the  mine environment. 
Unfortunately,  every v e n t i l a t i o n  system, r e g a r d l e s s  of whether i t  i s  the  
one t h a t  inc ludes  t h e  e n t i r e  mine o r  t h e  f a c e  v e n t i l a t i o n  system t h a t  i s  
employed from the l a s t  open c r o s s c u t  t o  t he  working f ace ,  has a capac i ty .  I f  
we exceed t h e  methane d i l u t i o n  capac i ty  of t he  system, then we have a problem. 
Hazards i nc rease  and t h e  p r o b a b i l i t y  of  i g n i t i o n  becomes more predominant. It 
i s  no t  a t  a l l  uncommon t o  have i n  some of t h e  gassy c o a l  mines, methane concen- 
t r a t i o n s o f 0 . 2  t o  0.3 percent  on t h e  i n t a k e  a i r s t r eam;  i n  some c a s e s ,  even 
h igher  percentages of methane a r e  found. Now i f  we a r e  t a l k i n g  i n  terms of a 
q u a n t i t y  of a i r  being used t o  v e n t i l a t e  a working p l ace ,  say ,  10,000 cfm, then 
t h i s  means t h a t  the  t o t a l  vo-lume of a i r  t h a t  has  been de l ive red  t o  t h a t  p o i n t  
has a capac i ty  f o r  d i l u t i o n  of 100 f t 3  of methane. I f  our i n t a k e  a i r  i s  con- 
taminated by 0 .2  o r  0 .3  pe rcen t  methane, then  we have reduced t h e  capac i ty  of 
our system f o r  d i l u t i o n  of  methane i n  t he  immediate f ace  a r e a  by 30 percent  
be fo re  we s t a r t  mining c o a l .  
Today we have heard a number of techniques descr ibed  which g ive  c l e a r  
i n d i c a t i o n s  t h a t  t o o l s  may be a v a i l a b l e  whereby we can c o n t r o l  t he  i n f l u x  of 
methane from r i b  l i b e r a t i o n  and, poss ib ly ,  from l i b e r a t i o n  a t  t h e  immediate 
f a c e  a rea .  Gentlemen, i f  we could reduce,  i n  my hypo the t i ca l  example, t h e  
concen t r a t ion  of methane i n  our i n t a k e  a i r s t r eam,  i t  would inc rease  t h e  capac- 
i t y  of our system a t  t h e  f ace  by 10 percent  wi th  a simple r educ t ion  of 0 .1 
percent  i n  t he  in t ake  a i r  courses .  I be l i eve  t h a t  t h e  v e n t i l a t i o n  system must 
be made the  primary technique f o r  c o n t r o l  of methane underground. However, 
papers  t h a t  have been presented today and t h e  s t a t e - o f  - t h e - a r t  i n d i c a t e s  t h a t  
a d d i t i o n a l  ve ry  s t rong  t o o l s  a r e  a v a i l a b l e  whereby we can ,  perhaps,  reduce the  
amount of methane introduced i n t o  our coa l  mines, and thereby decrease t h e  
hazards t o  t he  miners who a r e  working i n  our mines and, a l s o ,  reduce the  c o s t  
of v e n t i l a t i o n  a s  we go i n t o  deeper c o a l  seams wi th  a n t i c i p a t e d  h igher  methane 
concent ra t ions  . 
D r .  Zabetakis .  Next, we w i l l  hear  from M r .  John Ashcraf t .  
M r .  Ashcraf t .  Gentlemen, a s  t he  d i r e c t o r  of the  Department of  Mines of 
t h e  Nat ion ' s  leading c o a l  producing S t a t e ,  I am ve ry  happy t o  have the  oppor- 
t u n i t y  t o  a t t e n d  your seminar. I must admit,  however, t h a t  appearing a s  a 
p a n e l i s t  i s  no t  one of my f a v o r i t e  pastimes. 
Since s a f e t y  i n  our  c o a l  mines i s  a prime o b j e c t i v e  of  our department,  we 
a r e  v i t a l l y  i n t e r e s t e d  i n  any innovat ion o r  technology t h a t  might be geared 
toward t h a t  goal .  Since methane does c o n s t i t u t e  a cons t an t  hazard t o  t he  
mining i n d u s t r y ,  we a r e  extremely i n t e r e s t e d  i n  t h e  d e g a s i f i c a t i o n  programs 
c a r r i e d  on i n  our  v a r i o u s  mines.  I was i n v i t e d  and a t t ended  t h e  i n i t i a l  meet- 
i ng  a t  t h e  Fede ra l  No. 2 mine and g iven  an  oppo r tun i t y  t o  express  my i d e a s ,  
bo th  p r o  and con, on t he  s u b j e c t .  
Our department has  p a r t i c i p a t e d  i n  an  a c t i v e  manner s i n c e  t h a t  program 
s t a r t e d  and I am kept  a b r e a s t  of  t h e  program a s  i t  progresses .  I f e e l  c e r t a i n ,  
a s  we g e t  f u r t h e r  i n t o  d e g a s i f i c a t i o n  of mines ,  t h a t  more and g r e a t e r  problems 
w i l l  a r i s e  and I am s u r e  t h a t  each one p r e sen t  he r e  today w i l l ,  by n e c e s s i t y ,  
become deeper involved.  The persons t h a t  p resen ted  t h e  papers  should be 
h i g h l y  commended f o r  t he  job t h a t  they have done. Their  papers  were w e l l  p r e -  
pa r ed ,  ve ry  w e l l  p r e sen t ed ,  and t o  me, ve ry  educa t i ona l .  Thank you. 
D r .  Zabe tak is .  Our nex t  p a n e l i s t  needs no f u r t h e r  i n t r o d u c t i o n ;  however, 
l e t  me s ay  t h a t  I have had a  number of  i n q u i r i e s  over t he  p a s t  2 yea r s  r ega rd -  
ing  o u r  use  of  s p e c i a l  equipment underground. The man who i n s p e c t s  t h i s  equip-  
ment and keeps us  on t he  s t r a i g h t  and narrow i n  t h i s  a r e a  i s  J i m  Micheal and 
t h e  o t h e r  members of D i s t r i c t  3 .  
M r .  Micheal.  Thank you. I t h i n k  t he  persons t h a t  a r e  r e s p o n s i b l e  f o r  
t h i s  program today,  p a r t i c u l a r l y  those  who p a r t i c i p a t e d  on t h e  p r o g r a q a r e  t o  
be commended f o r  a  sp l end id  job. I n  Heal th  and S a f e t y ,  of  cou r se ,  our  primary 
r e s p o n s i b i l i t y  i s  enforcement and admin i s t e r i ng  t h e  ~ e d e r a l  Coal Mine Hea l th  
and S a f e t y  Act of 1969. This  a l s o  i n c l u d e s ,  a s  D r .  Zabe tak is  s t a t e d ,  s e rv ing  
a s  a  k ind  of watchdog over  t h e  r e s e a r c h  programs t h a t  a r e  conducted under-  
ground and on t he  s u r f a c e  a t  our  c o a l  mines. This  r e s p o n s i b i l i t y  i n c l u d e s ,  i n  
coope ra t i on  wi th  t h e  r e s e a r c h ,  t e c h n i c a l  suppo r t ,  t h e  approva l  of  t he  k inds  of 
equipment, t h e  i n s p e c t i o n  of  t he  equipment, t h e  approval  and subsequent i n spec -  
t i o n  of such i n s t a l l a t i o n s ,  and approval  o f  work procedures  t h a t  a r e  used 
underground. I n  t h e  p a s t  we have cooperated f u l l y  wi th  t h e  ope ra t i ng  people  
i n  t h e  mine, w i th  t h e  miners themselves ,  and wi th  t h e  S t a t e  department of  
mines;  i n  a l l  c a s e s ,  our  g o a l s  i n  t he se  programs a r e  t h e  same, on ly  our  i d e a s  
a s  t o  how t o  a t t a i n  t h e s e  g o a l s  sometimes d i f f e r .  But so  f a r  we have been 
s u c c e s s f u l ,  and, knowing t h e  h i s t o r y  of t he  mines,  p a r t i c u l a r l y  i n  t h e  no r th -  
e r n  p a r t  of  West V i r g i n i a ,  we can  a p p r e c i a t e  t h e  need f o r  a  d e g a s i f i c a t i o n  
program. We w i l l  con t i nue  t o  support  t h e  program and do every th ing  i n  our 
power and w i t h i n  our  a u t h o r i t y  t o  s ee  t h a t  t h i s  program i s  c a r r i e d  on. Thank 
you. 
D r .  Zabe tak is .  J i m  Davis,  a g a i n ,  needs no i n t r o d u c t i o n ,  so  I w i l l  merely 
pass  t h e  microphone on t o  him. 
M r .  Davis. I have been given a  cho ice  on what t o  t a l k  about .  However, I 
want t o  s t a y  on t he  t e c h n i c a l  s i d e  and make a  couple  of comments on one sub- 
j e c t  t h a t  has  come up s e v e r a l  t imes - - t ha t  i s ,  hyd rau l i c  f r a c t u r e .  
I do no t  know how w e l l  acqua in ted  everyone i s  i n  t h e  room wi th  t h i s  t e ch -  
n ique .  It was developed about 20  yea r s  ago i n  t he  o i l  i n d u s t r y ,  and i t  f o l -  
lowed yea r s  of u s ing  a c i d s  and n i t r o  shoot ing  t o  t r y  t o  s t i m u l a t e  p roduc t ion  
from o i l  w e l l s  and i t  thoroughly turned t he  o i l  i n d u s t r y  i n s i d e  ou t .  It  i s  
one of  t he  f i n e s t  t h ings  t h a t  has  ever  been developed f o r  s t i m u l a t i n g  f low 
from o i l  and gas  w e l l s .  But i t  does have some l i m i t a t i o n s .  I would l i k e  t o  
comment on a  couple  of them before  some people g e t  i n t o  t roub le .  
One i s ,  t h a t  you have go t  t o  have good w e l l  completions i f  you a r e  t o  
c o n t a i n  t h e  breakdown p re s su re s .  By t h i s  I mean t h a t  t he  technique t h a t  works 
extremely w e l l  on some of t h e  degas h o l e s  t h a t  a r e  cemented on t h e  o u t s i d e  of 
t h e  p ipe  i s  l i k e l y  n o t  t o  work i n  o t h e r  ca se s .  You must c o n t r o l  t h e  f r a c t u r e s .  
You do n o t  want t o  break up on t h e  o u t s i d e  of t h e  p ipe  and g e t  i n t o  roof  zones 
o r  some o t h e r  a r e a  of t h e  mine. 
The o the r  p o i n t  i s  t h a t  hyd rau l i c  f r a c t u r e s  want t o  fol low t h e  e a s i e s t  
pa th .  One of t h e  t h i n g s  t h a t  bo th  h e l p s  u s  and plagues u s  i n  the P i t t s b u r g h  
seam i s  t h e  h igh ly  d i r e c t i o n a l  na tu re  of t h e  permeabi l i ty .  Joe  Cervik quoted 
a  10 t o  1 f i g u r e  t h i s  morning a s  t he  r a t i o  of t h e  permeabi l i ty  a long the  f a c e  
and b u t t  c leavage  p lanes .  However we s t a r t  t h e  f r a c t u r e ,  it probably w i l l  
fo l low t h e  f a c e  cleavage because t h i s  i s  a n  easy  pa th .  What we w i l l  do i s  t o  
i nc rease  t h e  permeabi l i ty  i n  t h e  ve ry  d i r e c t i o n  along which we have a l r eady  
g o t  a  high permeabi l i ty .  I am n o t  s u r e  of Maury Deul ' s  f r a c t u r i n g  p l a n s ,  b u t  
I am s u r e  he  w i l l  have taken these  f a c t o r s  i n t o  account ,  and we w i l l  s e e  some 
a t t empt s  a t  f r a c  jobs i n  which he w i l l  t r y  t o  c u t  a c r o s s  t h e  f ace  c leavage  
somehow t o  open up t h e  c o a l .  Thank you. 
D r .  Zabe tak is .  M r .  Pe t e  Ferguson, our next  p a n e l i s t ,  i n d i c a t e d  t h a t  he 
d i d  n o t  have too much t o  add t o  h i s  t a l k .  However, i s  t h e r e  anyth ing  e l s e  
t h a t  you would l i k e  t o  say a t  t h i s  time? 
M r .  Ferguson. Well, perhaps I can expand on t h e  t a l k .  Our problem i s  
unique i n  t h a t  we can  mine w i t h i n  t h e  seam and not  r e a l l y  be hampered too much 
by methane l i b e r a t i o n  from the  c o a l .  We a r e  f o r t u n a t e  i n  t h i s  r e s p e c t  and 
a l s o  t h a t  our l a r g e  concen t r a t i ons  of methane a r e  i n  our roof  s t r a t a  up a t  
l e a s t  30 f t ;  t h i s  gas i s  r e t a i n e d  t h e r e  by an impervious c l a y  bed under t he  C 
prime seam. So i n  our th ink ing  we have confined our thoughts t o  t h i s  a r e a  i n  
t h e  upper s t r a t a .  We a r e  now s a t i s f i e d  t h a t  v e r t i c a l  boreholes  a r e  doing a  
good job f o r  u s  and we w i l l  con t inue  t o  t r y  t o  take  more of t h e  methane ou t  of 
our boreholes .  For t h e  f u t u r e ,  we may t r y  t o  con f ine  t h i s  methane i n  our  long- 
w a l l  blocks by a c t u a l l y  c o n s t r u c t i n g  s toppings  i n  t h e  c r o s s c u t s  a f t e r  we have 
completed our mining. This we a r e  doing i n  conjunc t ion  with t h e  Bureau and 
some of  t h e i r  r e sea rch  teams. We f e e l  t h a t  t h e  more we can  take  ou t  through 
our boreholes ,  t h e  more e f f i c i e n t  and more s a f e l y  we can  mine underground. 
The only t h ing  i s  t h a t  i f  t h e r e  a r e  ques t i ons ,  I would e n t e r t a i n  them. 
D r .  Zabetakis .  We a r e  going t o  come back t o  t h e  ques t i ons  s h o r t l y .  With 
t h a t  i n  mind, i f  t h e r e  a r e  any ques t i ons ,  l e t  u s  hold them f o r  j u s t  a  few more 
minutes .  Now we w i l l  hear  from M r .  B i l l  Laird.  
M r .  Laird.  I thank you f o r  the  oppor tun i ty  t o  be h e r e  today. I t  gave m e  
an  oppor tun i ty  t o  f i nd  o u t  what o t h e r s  a r e  doing i n  the  a r e a  of d e g a s i f i c a t i o n .  
A s  you know, Federa l  2 i s  l oca t ed  i n  Monongalia County near  Bula, W. Va., on 
Mirac le  Run. This mine produces between 8 and 11 m i l l i o n  f t 3  of gas i n  24 
hours.  We have worked c l o s e l y  with t h e  Bureau of Mines i n  a t t a c k i n g  the  prob- 
lem of d e g a s i f i c a t i o n .  We hope t o  provide a  s a f e  and hea l thy  environment f o r  
our c o a l  miners ,  t o  i nc rease  p r o d u c t i v i t y ,  and conserve our n a t u r a l  resources .  
Under a  coope ra t i ve  agreement w i th  t h e  U.S. Bureau of Mines, we have 
d r i l l e d  a  1 , 0 3 0 - f t ,  24- in-diameter  ho l e  i n  t he  2  North mains.  This  i s  t h e  
a r e a  t h a t  Steve Krickovic  noted r e l e a s e d  33.7 f t 3  of gas  per  t on  of  c o a l  mined; 
t h e  e n t r y  development i n  t h i s  a r e a  was h a l t e d  because of h igh  gas  l i b e r a t i o n .  
I might add t h a t  t h e  24- in-diameter  h o l e  can a l s o  s e rve  a s  an escapeway i n  t he  
event  of  an emergency. Our p l an  i s  t o  l ay  8 - i n  p i p e  from t h e  borehole  i n t o  
t h e  ga s sy  a r e a .  This  i s  phase I of a  l a r g e r  program. The work w i l l  be done 
i n  s t a g e s  t o  determine i f  what we a r e  doing i s  s u c c e s s f u l ;  i f  i t  i s ,  t h i s  w i l l  
encourage us t o  go on t o  s e t  up a  d e g a s i f i c a t i o n  system f o r  t h e  e n t i r e  c o a l  
mine. We a r e  now i n  t h e  process  of s e t t i n g  up t h e  v e n t i l a t i o n  system, and 
p u t t i n g  power back i n t o  t he  s e c t i o n  s o  t h a t  we can c u t  through t o  t h e  borehole  
p ipe  which w i l l  be f i t t e d  w i th  a n e s c a p e h a t c h  s i m i l a r  t o  t h a t  i n  a  submarine,  
s o  t h a t  i t  can be opened qu i ck ly  by t u rn ing  a  b i g  wheel and dropping t he  l i d .  
A p i p e l i n e  w i l l  be l a i d  a long  two e n t r i e s  t o  permit  us  t o  d r i l l  h o l e s  
1,000 t o  2,000 f t  long about  5  degrees  o f f  t h e  c e n t e r l i n e ;  t h i s  w i l l  open up a  
l a r g e  a r e a  and w i l l  permit  t h e  gas  t o  flow t o  t h e s e  ho l e s .  The mul t ipurpose  
borehole  w i l l  s e r v e  a s  a  guide i n  t h i s  work. As you heard e a r l i e r ,  Herb 
F i e l d s  no ted  t h a t  he  i s  d r a i n i n g  about  150 f t 3  of  gas  per  day p e r  f o o t  o f  
borehole .  So i f  we go t o  a  depth of  1,000 f t ,  we should have something l i k e  
150,000 f t 3  of gas  pe r  day t o  contend w i th .  I n  reviewing t h i s  problem w i t h  
M r .  Micheal ,  we were reminded t h a t  we must keep t he  gas  ou t  of  t h e  p r e s e n t  
r e t u r n s .  So we must s e t  up a  nega t i ve  p r e s su re  system t o  d r a i n  t h e  gas  whi le  
we d r i l l .  This  w i l l  invo lve  d r i l l i n g  through a  s t u f f i n g  box which i s  con- 
nec ted  t o  a  compressor on t he  su r f ace .  I f  t he  ga s  i s  of  s u f f i c i e n t  q u a l i t y ,  
we w i l l  t r y  t o  g e t  i t  t o  a  gas  d i s t r i b u t i o n  system. However, t h e  main purpose 
of t h i s  s tudy  i s  t h e  d e g a s i f i c a t i o n  of t h e  mine ahead of mining. 
To s t a r t  t h i s  program, we f i r s t  had a  meet ing a t  t h e  mine o f f i c e  and 
i n v i t e d  t h e  s a f e t y  committee, t h e  p r e s i d e n t  of t h e  l o c a l  d i s t r i c t  UMW, 
M r .  Micheal ,  and o t h e r s  from the  Research and Technical  Support  groups of  t he  
U.S. Bureau of  Mines. We have d i scussed  a l l  a s p e c t s  of t h i s  work; t h e  s a f e t y  
committee i s  w e l l  informed, and i t  i s  ou r  i n t e n t i o n  t o  keep them a b r e a s t  and 
t o  make them a p a r t  of t h i s  program. I f  we a r e  s u c c e s s f u l  i n  t h e  f i r s t  phase,  
then we w i l l  proceed t o  t h e  second phase,  which i s  t o  extend t h e  p i p e l i n e  t o  
o t h e r  p a r t s  of  t h e  mine. I n  p a r t i c u l a r ,  one a r e a  i s  s ea l ed  a t  t h e  p r e s e n t  
t ime;  i t  c o n t a i n s  ga s .  We hope t o  t a p  t h i s  gas  and send i t  i n t o  our  p i p e l i n e .  
I t  might be adv i sab l e  t o  pu t  down o t h e r  borehole  s h a f t s  i n s t e a d  of l ay ing  
more p i p e l i n e .  But a t  t h e  p r e s e n t  t ime,  we a r e  p lanning  on l a y i n g  p ipe  a s  we 
d r i l l  a d d i t i o n a l  h o l e s .  We do no t  know e x a c t l y  how long we w i l l  be a b l e  t o  
produce g a s ,  so  we a r e  on ly  cons ide r ing  t h e  f i r s t  phase a t  p r e sen t .  I f  t h e r e  
a r e  any ques t i ons ,  I would be more than g l ad  t o  answer them a t  t h i s  t ime. 
Thank you v e r y  much. 
M r .  Krickovic .  B i l l ,  how f a r  have t h e  West mains been d r iven?  
M r .  La i rd .  The p rog re s s  of  West mains i s  slow because they a r e  i n  v i r g i n  
a r e a ,  and a r e  advancing w i th  f i v e  o r  s i x  e n t r i e s .  They have advanced about  
700 f t  and have about  5,700 f t  t o  go. 
Ques t ion .  do you p l an  t o  do wi th  t h i s  gas? 
M r .  La i rd .  I was i n  Germany about  2 yea r s  ago and found t h a t  t h e i r  gas  
was piped back t o  the  s h a f t  and brought t o  t he  su r f ace  where i t  was used i n  
t h e i r  b o i l e r s  and bathhouse. Perhaps we can do t h e  same thing i n i t i a l l y .  
Ques t ion .  What does Bethlehem do wi th  t h e i r  gas? I 
M r .  Ferguson. We a r e  s t i l l  involved i n  t r y i n g  t o  determine who owns it .  1 
Quest ion.  Are you ven t ing  i t  r i g h t  now? I 
I M r .  Ferguson. Yes, we a r e  p r e s e n t l y  ven t ing  i t  t o  t h e  atmosphere. I 
D r .  Zabetakis .  Are t h e r e  any o t h e r  ques t ions?  These may be d i r e c t e d  t o  
any of t h e  p a n e l i s t s  o r  t o  the  speakers .  
Quest ion.  M r .  Davis,  w i l l  you e n l i g h t e n  u s  a l i t t l e  b i t  on what you 
people have done i n  r e sea rch  a s  f a r  a s  q u a l i t y  c o n t r o l  i s  concerned. 
) M r .  Davis. What do you mean? 
Quest ion.  Well ,  I know t h a t  you have been doing some r e sea rch  on what 
has  t o  be done to  t he  q u a l i t y  of methane involved i n  d e g a s i f i c a t i o n .  I am 
q u i t e  s u r e  t h a t  a l o t  of people he re  do not  r e a l i z e  t h a t  i t  (methane) i s  not  
considered a marketable  product a s  i t  comes o u t  of t he  mine. And t h e r e  a r e  
some problems of g e t t i n g  t h e  methane t o  a marketable  s t a t e  be fo re  i t  goes i n t o  
a p i p e l i n e  system. 
M r .  Davis. I am going t o  d i s appo in t  you because we have no t  r e a l l y  
looked a t  t h i s  problem very  much. We have found t h a t  the gas  from our gob 
dra inage  we l l s  i s  n o t  t y p i c a l l y  an  o i l f i e l d  type gas .  I t  i s  ve ry  ve ry  l ean ;  
i t  i s  comprised, a s  f a r  a s  hydrocarbons a r e  concerned, u s u a l l y  only of methane, 
wi th  a s l i g h t  t r a c e  of e thane ;  seldom do we s e e  propanes,  bu tanes ,  and pen- 
tanes .  So we end up wi th  a product  t h a t  a t  t h e  very  b e s t ,  i f  i t  were pure 
hydrocarbon gas ,  would be about  1,000-Btu gas  where t y p i c a l l y  o i l f i e l d  gases  
w i l l  run  somewhere from maybe 1,050 t o  1,150 Btu ' s  (per  cubic  f o o t ) .  Also,  
the  gas  may con ta in  1 o r  2 percent  carbon dioxide.  We f e e l  t h a t  i f  we e l i m i -  
n a t e  t h e  a i r  we can g e t  a s a l a b l e  product .  
While I have done very  l i t t l e  work on t h e  composition of t he se  gases ,  I 
do th ink  I have seen  a t r end ;  a s  we g e t  f a r t h e r  t o  the  west toward B lacksv i l l e ,  
and Federa l  No. 2,  t h e r e  i s  a h igher  carbon d ioxide  content--perhaps 8 t o  10 
percent  r a t h e r  than 1 o r  2 percent .  So I th ink  t h a t  we must e i t h e r  e n r i c h  t he  
gas  w i th  propane o r  go t h e  o t h e r  way and scrub ou t  t he  CO, s i n c e  propane i s  
sca rce .  
I n  t he  l a s t  h o l e  t h a t  we have completed, we have a l s o  found a smal l  
amount of $S. This may be e a s i e r  t o  g e t  r i d  of than t h e  C 4 .  I know %S can 
( be scrubbed-out  too ,  b u t  whether i t  i s  economical a t  p r e s e n t ,  I do no t  know. 
Question. Have you ever  considered using t h i s  gas f o r  your own purposes 
a t  t he  mine? 
M r .  Davis. We have used i t ;  bu t  when we f i r s t  s t a r t e d  toying with the  
idea  of t ry ing  t o  put  i t  i n t o  somebody's p i p e l i n e  we thought t h a t  we could 
make a t r ade  with the  company s e l l i n g  us gas i n  t h e  a rea .  Actua l ly ,  one of 
our d e g a s i f i c a t i o n  holes  produces i n  a week o r  two, more gas than we use  i n  a 
year .  So t h i s  use i s  only a drop i n  the  bucket compared wi th  the  amount of 
gas t h a t  can be produced. 
D r ,  Zabetakis.  I n  connection with t h i s  ques t ion ,  we have issued a 
r eques t  f o r  a proposal  t o  study the  economic f e a s i b i l i t y  of recovering and 
u t i l i z i n g  t h i s  gas.  Hopefully i n  about a year ,  we should have some answers t o  
such ques t ions  i n  terms of gas product ion r a t e s  and mine loca t ion .  
Quest ion.  Has anybody determined t h e  l e g a l i t y  of who owns t h i s  gas ye t?  
D r .  Zabetakis.  This i s  one of the items t h a t  i s  t o  be s tudied .  
Quest ion.  A l l  of our d iscuss ion  has been on s i n g l e  seam mining, what 
w i l l  you do i n  a. mu l t ip l e  seam mine where a n t i c i p a t e d  gas i s  i n  more than one 
seam and you p lan  t o  mine the  upper seam f i r s t ?  What could you do toward 
degasifying t h a t  seam and the  lower seam p r i o r  t o  any mining and use? Would 
t h e  ho le  i t s e l f  poss ib ly  cause problems with gas i n  t h e  lower seam while  
degas i fy ing  i n  t h e  upper l eve l?  
D r ,  Zabetakis.  The ques t ion  has to  do with mul t ip l e  seam mining which i s  
encountered i n  European mines t o  a g r e a t e r  ex ten t  than i t  i s  he re ,  a l though a s  
time goes on, of course ,  i t  w i l l  be encountered here too. Does anyone c a r e  t o  
comment on t h i s ?  
M r .  Deul. We j u s t  had a l i t t l e  b i t  of experience with t h i s  and the  p i c -  
t u r e  i s  no t  very  c l e a r .  For example, Pe te  Ferguson was t e l l i n g  you about the  
mining i n  the  Lower Kit tanning coalbed where the re  i s  not  much gas ,  although 
t h e r e  i s  gas i n  the Upper Kit tanning with r e l a t i v e l y  low pressure .  We have a 
s i m i l a r  s i t u a t i o n  i n  the  I l l i n o i s  No. 6 a s  r e l a t e d  t o  the  I l l i n o i s  No. 5 coa l -  
bed where our prel iminary measurements show t h a t  the  I l l i n o i s  No, 6 coalbed i s  
r e l a t i v e l y  higher  i n  gas content  than t h e  I l l i n o i s  No. 5 which i s  no t  very  f a r  
below i t .  The p i c t u r e  a s  I see  i t  r i g h t  now i s  t h a t  we cannot answer t h i s  
ques t ion  very simply because of t he  problem of migrat ion of gas during the  
e a r l y  s t ages  of c o a l i f i c a t i o n ,  because gas i s  produced not  only from the  coa l  
but  a l s o  from the  carbonaceous mat te r  i n  the  ad jacent  s t r a t a .  And a s  these  
a r e  compacted, t h e  whole sequence of  coalbeds and in termedia te  s t r a t a  may have 
t o  be considered a s  a u n i t ;  t he re fo re ,  we a r e  going t o  have t o  do more work t o  
determine what t h i s  i n t e r r e l a t i o n s h i p  i s .  Now, c e r t a i n l y ,  where the re  a r e  
coalbeds widely separated by a th i ck  sequence of rocks then each coalbed o r ,  
perhaps,  each sequence of coalbeds becomes a sepa ra t e  problem. But t h i s  i s  
much too  e a r l y  t o  answer these  ques t ions  r i g h t  now. 
Ques t ion .  Has t h e r e  been any work done on t h i s  water i n fus ion  from the  
su r face  o r  has i t  a l l  been i n s i d e  ho r i zon ta l  holes?  
M r .  Cervik. We have never attempted any water infus ion  of coalbeds using 
v e r t i c a l  boreholes. I t  has a l l  been underground water infus ion .  
Question. S i r ,  could you g ive  us some information on the equipment 
r equ i red ,  d r i l l i n g  equipment f o r  water in fus ion  and type of d r i l l  power, and 
so  f o r t h ?  
M r .  Cervik. Generally when we do a water in fus ion  job we p re fe r  t o  use 
an a i r  d r i l l  because i t  i s  l ightweight  and can be moved and s e t  up very  
quickly;  we use a hand-held a i r  d r i l l  t h a t  consumes about 200 cfm of a i r  a t  
100 p s i .  We use  a  drag b i t  and EX casing;  the re  i s  nothing c r i t i c a l  about the  
cas ing .  There i s  no reason why, perhaps, you could not  use  an auger a s  long 
a s  you a r e  d r i l l i n g  the hole  with water.  
Ques t ion .  What s i z e  average diameter hole  do you d r i l l  f o r  water 
infus ion?  
M r .  Cervik. For water infus ion  we s tandardize  on a 3-in-diameter hole 
mainly because our packers a r e  3 in .  i n  diameter. Of course,  t he re  i s  no 
reason why the  hole  cannot be grouted i n .  
Quest ion.  What maximum depth do you use? 
M r .  Cervik. When we use hand-held equipment, we l i m i t  our depth t o  about 
125 f t .  There i s  nothing sacred about t h i s  d i s t ance  o ther  than t h a t  i n  some ' 
cases ,  e n t r i e s  a r e  advanced i n  100-f t  increments. Generally you can advance, 
say,  one break i n  a  week. But i f  you want t o  use  a  200-ft hole ,  then you can 
mine f o r  a  much longer period before re infus ing .  
Question. M r .  Cervik, what would be t h e  f e a s i b i l i t y  of infus ing  a panel  
of coa l  once i t  i s  i s o l a t e d  t o  degasify a  coal  mine? 
M r .  Cervik. There i s  no problem with infus ing  a panel.  However, we 
in fuse  panels  f o r  dus t  c o n t r o l ,  not  methane con t ro l .  
D r .  K i s s e l l .  Why would you want t o  in fuse  a  panel? Most of the gas i s  
trapped i n  the s o l i d  coal  and i s  not  i n  the f r a c t u r e s .  When you push water 
through you push i t  through the  f r a c t u r e s ;  t h i s  forces  out  only the  gas i n  the  
f r a c t u r e s  which c o n s t i t u t e s  only 5 to  10 percent  of the t o t a l .  A t  the  same 
time t h e  infused water would reduce t h e  permeabil i ty and block t h e  flow of 
gas. 
Quest ion.  That i s  not  my quest ion.  I s  i t  f e a s i b l e  t o  infuse  a  panel? 
D r .  K i s s e l l .  Oh yes. Water can be pumped i n t o  it.  
D r .  Zabetakis.  I n  the  experiments described by M r .  Cervik, holes  were 
d r i l l e d  when a panel was ou t l ined  f o r  degas i f i ca t ion  purposes; water was never 
put back i n  the degas i f i ca t ion  holes except t o  decrease the  dus t  content .  
Bob Vinson can g ive  us a  l i t t l e  more information on t h i s  subjec t .  
M r .  Vinson. No, t h e r e  was very  l i t t l e  no t i ceab le  e f f e c t  of water i n f u -  
s ion  on methane. But we did f ind  a 40 t o  79 percent  decrease i n  dus t  l eve l s .  
In fus ion  was p a r t i c u l a r l y  successfu l  i n  the  Pocahontas No. 3 coalbed because 
i t  seems the  dus t  i s  inherent  i n  the  c o a l - - i t  i s  a very  f r i a b l e  coa l .  
M r .  Krickovic. I would l i k e  t o  emphasize a methane con t ro l  technique 
t h a t  has not  been discussed today, which I th ink  i s  very  s i g n i f i c a n t .  And i t  
supplements what Bob Dalze l l  s a id  i n  connection with a good v e n t i l a t i o n  system. 
I r e f e r  t o  s a f e l y  access ib le  b leeders .  I th ink  a v e n t i l a t i o n  system i s  no t  
adequate and complete without a s a f e l y  access ib le  bleeder  system. That i s ,  
one t h a t  would permit an  adequate pressure  d i f f e r e n t i a l  t o  develop across  the 
gob so a s  t o  keep the  gas movement away from the  working face.  This ,  i n  my 
opinion,  i s  required regardless  of any supplementary degas i f i ca t ion  methods, 
such a s  the v e r t i c a l  borehole. Actual ly ,  boreholes may be 300 t o  500 f t  from 
t h e  beginning of a p i l l a r  l i n e  and gas must be bled from the  gob even before  
borehole in t e rcep t ion .  
I n c i d e n t a l l y ,  based on my many years  of experience i n  v e n t i l a t i o n ,  the re  
a r e  too many open s p l i t s .  I found a s  many a s  th ree  i n  some cases ;  t h i s  should 
not  be allowed. Every a c t i v e  s p l i t  i n  a mine should be regula ted  to  some 
degree t o  provide the  f l e x i b i l i t y  t h a t  i s  requi red  t o  con t ro l  the  volume of 
a i r  i n  t h e  d i f f e r e n t  s p l i t s  a s  the demand requ i re s .  
D r .  Van Dolah. I would l i k e  to  thank Pete Ferguson and J i m  Davis f o r  
taking the  time t o  be with us  and present  t h e i r  papers.  I would a l s o  l i k e  t o  
thank t h e  o the r  panel members and each of you f o r  coming. We th ink  we have a 
s t o r y  to  t e l l ;  we a r e  happy t o  have an  audience. Again you a r e  welcome t o  
v i s i t  us a t  Bruceton any time. Please come. Thank you. 
QUESTIONS SUBMITTED AFTER THE SEMINAR 
Question. How was t he  mult ipurpose borehole  en la rged?  
Answer. The borehole  was enlarged manually w i th  ch ipping  hammers and 
pavement breakers  a f t e r  v e n t i l a t i o n  had been e s t a b l i s h e d  i n  the borehole.  
Ques t ion .  What a r e  your thoughts regard ing  the  placement o f  a  24-in-  
diameter  borehole  a t  the  back end of a  b leeder  panel and u t i l i z i n g  a  permis- 
s i b l e  h igh  p re s su re  f an  on the  s u r f a c e  t o  move 12,000 t o  15,000 cfm of a i r / g a s  
mix ture  and thus main ta in  a  g r e a t e r  p r e s su re  d i f f e r e n t i a l  a c ros s  p i l l a r  
workings? 
Answer. We f e e l  t h i s  i s  d e s i r a b l e  i n  a l l  c a se s  where a  dead end i s  
c r e a t e d .  
Ques t ion .  Why t u r n  mining over t o  t h e  d r i l l e r s ?  Could t he  (Federal  
No. 2) p r o j e c t  be done wi th  a  combination of  v e r t i c a l  boreholes  and a  minimum 
number of mine e n t r i e s ?  
Answer. We would hope t h a t  t h e  d r i l l i n g  ope ra t i ons  a s s o c i a t e d  wi th  meth- 
ane c o n t r o l  can u l t i m a t e l y  be incorpora ted  i n t o  t he  mining c y c l e ;  t h e  under- 
ground ope ra t i ons  would then be handled by the  miners.  
Quest ion.  What about  gas  r i g h t s  where a  coa l  company does no t  own them? 
Answer. A .  D.  L i t t l e ,  I nc . ,  has  r e c e n t l y  been awarded a  c o n t r a c t  t o  
determine the  economic f e a s i b i l i t y  of recover ing  and u t i l i z i n g  methane emi t ted  
by c o a l .  As p a r t  of t h i s  s t udy ,  t h e  c o n t r a c t o r  i s  t o  cons ider  t he  l e g a l  prob- 
lems a s soc i a t ed  wi th  t h e  c o l l e c t i o n  and use  of  such gas .  
Ques t ion .  W i l l  t h e r e  be problems a s soc i a t ed  with t he  compression of mine 
gas  before  pumping i t  i n t o  a  t ransmiss ion  l i n e ?  
Answer. The most c r i t i c a l  procedure a s soc i a t ed  w i th  such a n  ope ra t i on  i s  
t he  d e t e c t i o n  of  a i r  i n  t he  mix ture  t o  be compressed. However, t h i s  i s  no t  
unique t o  our ope ra t i ons ;  monitors  a r e  a v a i l a b l e  t o  a s s u r e  t h a t  only s u i t a b l e  
gas  i s  compressed. 
Ques t ion .  I s  water i n j e c t i o n  f e a s i b l e  from the  su r f ace?  
Answer. Yes; however, i t  would be a  r a t h e r  expensive procedure i n  deep 
mines . 
Quest ion.  I s  any work being done t o  s epa ra t e  mine gas  (from a i r )  a t  t he  
mine fan?  
Answer. No. However, we have asked A .  D .  L i t t l e ,  I n c . ,  t o  cons ider  t he  
methane i n  t he  exhaust  a i r  i n  t h e i r  s tudy  of  t he  economic f e a s i b i l i t y  of 
recover ing  and u t i l i z i n g  methane emi t ted  by c o a l .  
Question.  What type of pumps a r e  used i n  dewatering coa l?  
Answer. None. The water i s  forced out  by the  gas l i b e r a t e d  by the coa l .  
Ques t ion .  I s  water in fus ion  s imi la r  t o  the  water d r i v e  procedure used i n  
the  o i l  and gas business? 
Answer. No. Bas ica l ly ,  we a r e  advocating the use of water t o  block 
methane r a t h e r  than d r i v e  i t  from an a c t i v e  face.  
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